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Welcome to 


HOW IT 
WGRKS 


BOOK OF 


SPACE 


Space has fascinated mankind from the earliest days of 
civilization, and as we keep scratching the surface ofthe 
vast universe in which we live, our sense of awe and wonder 
continues to grow unabated. Now, with the technological 
advancements being made by the world’s space agencies, 
we understand more than ever about the things thatare 
happening beyond our own planet. This new edition ofthe 
How It Works Book of Space has been updated with more 
of the latest astronomical advancements, stunning space 
photography from the most advanced telescopes on the 
planet, and glimpses at what the future of space exploration 
holds, taking you from the heart of our Solar System and 
out into deep space. Get ready for lift off and discover the 
depths of our universe and beyond with extreme cosmic 
temperatures, parallel universes and known active galaxies. 
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-.-- From astronautsnapstaken with handheld camerasto __ 
." advanced satellite imagery that enables us to predictnatural ~- 
‘disasters, discover the planet as you've never seenit before: 


On Christmas Eve 1968, the crew of Apollo 8 captured 
this unique view of Earth. Known as ‘Earthrise’, this 
photo of Earth rising over the lunar horizon was 
humankind’s first glimpse of the Earth from deep space 
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Aurora australis 
taken from the ISS 





RA-2 

Radar Altimeter 2 (RA-2), 
working on the 13.575GHz 
(Ku-band) and 3.2GHz 

(Ce oy Tate) Bigztele(ciarer (stm 

bounces the two-way 

radar echo off the Earth’s 
surface in less than a 
nanosecond. The power 

and shape of these pulses 
enables it to define land a: 
and oceantopography 
and monitor snow anc 

orem (2) (0h 


PANSTAN D4 

An Advanced Synthetic 
Aperture Radar (ASAR) 
ate) ali ne) g-Molersy-la MV \V(e¥r-] are] 
land heights within fractions 
of a millimetre. It works in the 
microwave C-band (5.3GHz) 
range of the electromagnetic 
spectrum and can operate in 
a variety of different modes, 
coverage ranges and angles 


DORIS 


Warm DYoye)o) (=m @laelixelele-le)ayys 
relate M st-lel(e)efec-iiseyaliate] 
Integrated by Satellite 
(DORIS) instrument is 
concerned with the accurate 
tracking of Envisat, which it 
achieves by measuring 
al(oagenViV-\VeM ele (omct(e] ates 
Lieclaciinlinncel oh mole Mel collate! 
beacons that cover 75% of 
its orbit. By determining its 
orbit within ten centimetres 
(four inches), with an 

error of one centimetre, it is 
eYeve Bo) mar-\Vi(ey-ia lave m tals) 
satellite and calibrating its 
on-board instruments 
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he crew of Apollo 8 were the 

first people to see and 

photograph our planetasa 
globe in its entirety. During the fourth 
orbit around the Moon, Lunar module 
commander William Anders took a 
series of photographs of the Earth that 
became known as’Earthrise’. They 
revealed the true splendour of our 
planet suspended in stark contrast 
with the barren lunar surface, and 
became an icon for showing that our 
homeisa fertile and fragile dot of life 
inanimmense and deadly universe. 

From the Sixties onwards an 

enormous number of Earth 
observation satellites have been 
launched to look at the hard facts 
about the state of our global 





atmospheric conditions of Earth. 


ESA’s Envisat 


The European Space Agency’s environmental satellite (Envisat) 
was launched into a polar orbit on1 March 2002. Its instruments 
are used to study the ocean, agriculture, ice formations and 


The MicroWave Radiometer operates at 
frequencies of 23.8GHz and 36.5GHz. It’s a 
laPelellgyoLeliaimiaremaciigelanciim@re(xscmeleuials 
the Earth) that can measure vapour 
content of clouds and the atmosphere, as 
well as moisture levels of landscapes 
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The Laser Retro-Reflector (LRR) is 
roXexiia(e)ats\e Rela mug(ew at-latetar-(elelem-i(e(sKoli 


the Envisat, close to the RA-2 antenna. 


It’s a passive device that allows 
alte] aby elepuislm olUicycleMelcelelateglef-s-icre| 


lasers to accurately determine the 
position of the satellite to calibrate the 
| RA-2andD ORIS instruments 
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environment, as it is assaulted by 
extremes of natural events and the 
impact of human activities. 
Observations from space can study 
large patterns of change throughout 
the Earth’s surface and in the 
atmosphere, and can be used to 
supplement information gained by 
ground or ocean-going instruments. 
The additional benefit of satellites is 
they can transmit data continuously, 
and cover areas of the Earth that are 
inaccessible or too hostile for any 


other methods of gaining information. 


At first, Earth observation satellites 
simply used visible light and infrared 
sensors to monitor the position of 
clouds for weather forecasting. Later, 
microwave sensors were introduced 
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bororclalaliavem laurels |iavewa\e-(olg ola (e) al) olsveqtge)\V/(z1 kc) a (ol@A\tan(escye) accla (os 
CartograpHY measures solar radiation primarily transmitted, 
backscattered and reflected in the stratosphere and 

troposphere. By examining UV, visible and near-infrared 
wavelengths, it detects low concentrations of gases and aerosols 


to improve these forecasts by 
obtaining measurements of the 
temperature, pressure and humidity 
in different layers of the atmosphere. 

The success of such satellites led 
NASA to launch the Landsat series of 
observation satellites in July 1972. 
Using multi-spectral scanner 
instrumentation, Landsats were able 
to produce images of the Earth’s 
surface gained from up to eight 
different wavelengths, showing the 
distribution of snow and ice cover, 
vegetation, landscapes, coastal 
regions and settlements, which 
proved to bea rich source of new data 
for cartography, geology, regional 
planning, forestry, climate studies 
and educational purposes. 





GOMOS 


The Global Ozone Monitoring by Occultation of Stars 

(GOMOS) is the first instrument to use the occultation 

of stars to measure trace gases and aerosols from 
{Se — 15-100km (9-62mi) above the Earth. In each orbit, i 

; check 40 stars and determine the prese 

ospheric chemistry by th e dep! Cliteya ney 
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MERIS 


The MEdium Resolution Imaging 
Spectrometer (MERIS) consists of five 
cameras that are each linked to 
spectrometers to measure the 
reflectance levels emitted from the Earth. 
These determine the amount of 
chlorophyll and sediments in oceans and 
coastal waters, and can examine the 
effectiveness of plant photosynthesis 


MIPAS 


The Michelson Interferometer for 
Passive Atmospheric Sounding 
(MIPAS) spectrometer works in the 
near to mid-infrared wavelengths to 
measure nitrogen dioxide (NO), 
nitrous oxide (NO), ammonia (NH,), 
nitric acid (HNO,), ozone (O,) and 
water (H,O) in the stratosphere 
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BU atew-Ne\VclalercrewA\Colale Mi [e-ler @cyer-lalaliate] 
Radiometer (AATSR) is a passive 
radiometer with a wide-angle lens 
that measures visible and infrared 
emissions from land and ocean 
surfaces. Its measurements of 
thermal brightness are accurate to 
r=] i (=¥- 1] oO Oho Os 


In the Seventies, Landsat data about 
the worldwide state of wheat crop 
growth was used to forecast yield rates 
and stabilise the market for this crop, 
which led to more stable prices for 
consumers. Using data from Landsat 
images, researchers recently 
discovered 650 previously unknown 
barrier islands, including a chain of 54 
islands that stretch 563km (350mi) 
from the mouth of the Amazon River. 

Satellites save lives and reduce 
property damage by tracking and 
warning of the arrival of hurricanes, 
tornadoes, floods and other extremes 
of weather or natural disaster. For 
example, in August 2005 satellites 
provided an accurate early warning of 
the approach of Hurricane Katrina 
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and, a month later, Hurricane Rita. 
Unfortunately, responses to these 
warnings were slow, resulting in 
extensive damage and loss of life. 
Afterwards, satellites (NASA’s TRMM 
and NOAA‘s GOES and POES) provided 
imagery of the damaged areas to help 
in the reconstruction of the areas 
affected. This helped bring about the 
pledge by nations that operate 
satellites to provide imagery to any 
nation affected by a major disaster 
under the terms of the International 
Disaster Charter. 

The sensing technologies used by 


satellites consist of optical sensors that 


can detect the strength of reflections 
from the Earth in the visible/near 
infrared spectrum and thermal 


infrared rays that are radiated from the 


surface. Microwave sensors can detect 
radiation in this longer wavelength of 
the spectrum coming from the Earth’s 
surface, or active microwave sensors 
can send microwaves to the Earth and 
observe their reflections. 

Civilian Earth observation satellite 
surveillance is co-ordinated by the 
committee on Earth observation 
satellites (CEOS), which is currently 


VCO] BLISS 


The MODerate-resolution Imaging 

bo) of=toa ge) ole) relalaat=ik=imel-ita(s)ecMel-1e-Minelan| 
36 bands of the electromagnetic 
spectrum. Its twin-mirror 17.78cm (7in) 
12) (steve) o[=Mer-lacMel-|e- Role mnal=) 
distribution and temperature of clouds 
and water vapour, and marine and 
lower-atmosphere processes as it 
passes over the equator at 10:30am 


The Clouds and the Earth’s Radiant Energy System (CERES) 

uses two identical instruments to determine how clouds 
influence the flux of thermal radiation from the Earth’s surface to 
the top of the atmosphere. One radiometer instrument scans the 
Earth across the track of the satellite and the other scans along it 
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affiliated to agencies that are operating 
116 active satellites. These broadly NASA 
study the long-term and changing 
global environment from the 
atmosphere, land, ice and snow, , 
oceans, gravity and magnetic fields to oe" eres 
the oceans. In the next15 years, CEOS 
agencies are planning 260 satellites, 
which will carry 400 instruments to 
develop better weather forecasting and 
knowledge of climate changes. 
Since the Nineties, NASA has run the 
Earth observing system (EOS) program | 
. oes nis : a SAGE Ill’ METEOR-3M 
that co-ordinates the activities of its Ringel a 
polar-orbiting satellites to study 4 
“radiation, clouds, water vapour and 
precipitation; the oceans; greenhouse 
gases; land-surface hydrology and 
ecosystem processes; glaciers, sea ice 
and ice sheets; ozone and stratospheric 
chemistry and natural and 
anthropogenic aerosols.” To further 
this research, it plans to launch 15 
Earth observation satellites by 2020. 
The European Space Agency also plans 
several ‘Earth explorer’ missions, 
which includes the launch of three 
satellites in 2013 to study the Earth’s 
magnetic field (‘Swarm’) and one to 
profile global winds (ADM-Aeolus). 
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NASA’s range of satellites in their Earth observing system (EOS) program includes Terra and 
a planned launch of Aquarius in June 2011, to measure the salt levels of our oceans. Overall, 
they cover every aspect of surface and atmospheric environmental conditions 


NASA’s Terra satellite 


Launched on 18 December 1999, Terra (EOS AM-1) investigates the 
sheahoycleme)wetsinenece-beloment-betsest(olcmelspest-in-elet-DeleccicmslmacshVc) peers! 
north-to-south, near-polar orbit at an altitude of 705km (438mi), 
viewing the entire surface of the Earth every two days 


ASTER 


The Advanced Spaceborne Thermal Emission and 
Reflection radiometer (ASTER) consists of three 
telescopes that during eight minutes of every orbit 
TorelUlic=Maliejpmiact-ve)(Uim(olamiagr-le(ss-Melmr-lalem ale |p e-Mail la r-(ors) 
temperatures, emissions and reflections. They are able 
voke(=itzte1meral-lale(-M lene lale Billa r-(nse-leleR-le-Mecicleine 
calibrate data gained by the other Terra instruments 


MISR 


BU arewilelidgr-lare) (em laateleliale pe) occted igen 
Radiometer (MISR) uses nine digital 
fore Ja ate) eslom ove) aliaye W-lmellacclac)nim@-lave| (at 
to obtain images in the blue, green, 
red and near-infrared wavelengths 
of the electromagnetic spectrum. 

a ats\Var-laoW-1e) (meen oleoyvi(e(cMancelalaal hv 
LicclaleMlamaacsMelicjaglolein(olaKe)m@-(2) cee) 
oye] ad (oi (=SoMmos(olU(eMce)gaar-it(elalce-lare, 
seasonal vegetation changes 
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MOPITT 


The Measurements Of Pollution In The 
Troposphere (MOPITT) instrument 
package measures the amount of carbon 
monoxide (CO) in the troposphere by 

Flare Wine Ml aligclesveme-lelrelacea mci anor) |\Vi 
radiating from the Earth. These 
measurements enable the production of 
aaxere(s\cMe)man(=Moxe)anlelec-iiu(elak-lare 
distribution of fossil fuel consumption 
relate Mo)(olaar-s-Melelaaliace melam- Me) (0) er-] B-vere] (2 
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Atmosphere 


Which aspects of Earth are 
the satellites observing? 


ICESat image, showing clouds 


NASA launched eight Nimbus Earth [RuCECssobiavogeviele: 


observation satellites between 1964 
and 1978. They pioneered the use of 


‘Sounders’ that measure the 


humidity and temperature of the 


atmosphere. They obtain 


temperature measurements by 
analysing infrared radiation (IR) on 
wavelengths linked with oxygen or 
carbon dioxide. IR or microwave 
sounders identify water vapour in 


the atmosphere to measure 


humidity. Microwave sounders 
have a lower resolution, but can be 
used in all weather conditions as 
they can sound through clouds. 
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The red portion of this view ofthe 
US reveals the highest ground 
levels of ultraviolet radiation 


Radiation 


Visible blue, green and red 
light only provides a limited 
amount of information about 
the Earth’s surface, so satellites 
use spectrometers to study the 
invisible near-infrared and 
infrared parts ofthe 
electromagnetic spectrum. 

They can identify and track 
the growth of plant species, as 
they all reflect infrared light. 
The infrared ‘fingerprint’ of 
plants can also indicate the 
amount of water present and 
can warn of potential 
droughts. Likewise, exposed 
rocks radiate their own 
infrared fingerprint that 
allows geologists to identify 
valuable mineral/oil deposits. 

Infrared data from satellites 
is ‘false coloured’, so invisible 
light from up to three 
wavelengths is rendered into 
a combination of visible red, 
green and blue. 


Land 


The Shuttle Radar Topography Mission (SRTM) by 
the Endeavour space shuttle in February 2000 used 
two radar antennas to produce the most 
comprehensive hi-res digital topographical map of 
the Earth’s terrain. The data is used by Google Earth 
to create maps that can be viewed in 2D or 3D. 

Earth observation satellites are importantin 
monitoring the seasonal variation of vegetation. 
Besides studying long-term changes, they are also 
used to observe and issue warnings of natural 
disasters such as volcanic eruptions, forest fires 
and earthquakes. 







Perspective view of Santa Barbara, 
generated using data from the shuttle 
radar topography mission 


Gravity 


The European gravity field and steady-state ocean circulation 
explorer (GOCE), launched in March 2009, carries an Electrostatic 
Gravity Gradiometer (EGG) to measure the gravity field of Earth. By 
measuring the minute variations in the tug of gravity, it enables the 
production of Geoid maps of the globe that can indicate ocean 
circulation and changes, the movement and composition of polar ice 


sheets and the physics of the Earth’s interior. 


In March 2002, NASA launched two Gravity Recovery And Climate 
Experiment (GRACE) spacecraft. They use a microwave system that 
accurately measures any minute changes between their speed and 
distance, indicating the influence of the Earth’s gravitational pull. 





View of Antarctica, showing ice 
SJ alexa) m=) (aatcclaleyensbelokel(e)blemetairc| 


Gulf oil spill creeps towards the 
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In the Seventies the USA and USSR ran ocean observation 
satellite programmes, which carried synthetic aperture radar 
(SAR) equipment. A number of radar images are taken by 
SARs and combined to produce a single detailed image. This 
is able to determine the height of sea levels, waves, currents 
and their distribution and can detect oil slicks and shipping 
movements. The Jason1and 2 spacecraft currently use these 
techniques to study the topography and characteristics of the 
oceans, to give a better warning of floods or climate changes. 


Ice 


Carrying on from the work 
of Envisat, which 
discovered that every 
decade since 1978 the Arctic 
ice fields have shrunk by 
2.7%, the European Space 
Agency launched CryoSat-2 
on 8 April 2010. It uses radar 
altimeters with SAR 
technology, specifically 
designed for its mission to 
study the thickness and 
distribution ofice inthe 
polar oceans. NASA‘s ICESat 
(2004) carried a Geoscience 
Laser Altimeter System 
(GLAS), which used pulses 
of laser light to measure the 
height and characteristics 
of Greenland and Antarctic 
ice fields. These satellites 
have indicated the role of 
greenhouse gases in the 
polar atmosphere and that 
the ozone layer has shown 
signs of recovery. 








Inside the Sun 


The giant star that keeps us all alive... 


celestial wonder, the Sun is a huge star formed froma 
massive gravitational collapse when space dust and gas 
rom a nebula collided, It became an orb 100 times 
bigger and weighing over 300,000 times that of Earth. Made up 
of 70 per cent hydrogen and about 28 per cent helium (plus 
other gases), the Sun is the centre of our solar system and the 
largest celestial body anywhere near us. 

“The surface of the Sun is a dense layer of plasma ata 
temperature of 5,800 degrees kelvin that is continually moving 
due to the action of convective motions driven by heating from 
below,” says David Alexander, a professor of physics and 
astronomy at Rice University. “These convective motions show 
up asa distribution of what are called granulation cells about 






Radiative zone 

The first 500,000k of the Sun is a radioactive layer 
that transfers energy from the core, mostly toward 
the outer layers, passed from atom to atom 


Sun’s core 

The core of a Sun is 
a dense, extremely 
hot region - about 
15 million degrees 
- that produces a 
nuclear fusion and 


emits heat through 
the layers of the 
Sun to the surface 





Allimages courtesy of NASA 


Right conditions 


The core of the Sun, which acts like a 


nuclear reactor, is just the right size 
and temperature to product light 


014 


1,000 kilometers across and which appear across the whole 
solar surface.” 

Atits core, the Sun’s temperature and pressure are so high 
and the hydrogen atoms are moving so fast that it causes 
fusion, turning hydrogen atoms into helium. Electromagetic 
radiation travels out from the Sun’s core to its surface, escaping 
into space as electromagnetic radiation, a blinding light, and 
incredible levels of solar heat. In fact, the core of the Sunis 
actually hotter than the surface, but when heat escapes from 
the surface, the temperature rises to over 1-2 million degrees. 
PAN ey:¢chalolsymer.qe)ecboatclomuatsims loin aeyeleventsveseloperemavbenvabeate(svecirsbalel 
why the Sun’s atmosphere is so hot, but think it has something 


to do with magnetic fields. 


surtace of 
the Sun 


What Is the Sun 
made of? 














Convective zone 
The top 30 per cent of 
the Sun is a layer of hot 
plasma that is 
constantly in motion, 
heated from below 






Engine room 

The centre of a star is like an engine 
room that produces the nuclear fusion 
required for radiation and light 


Magnetic influens 
How the Sun affects the 
Earth's magnetic field 





s 
Solar wind 
Solar wind shapes the 
- Earth’s magnetosphere and 
na i< => magnetic storms are 
ae me “ illustrated here as 


approaching Earth 
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Bow shock line 
The purple line is the bow shock line and 


Plasma release 

The Sun’s magnetic field and plasma 
releases directly affect Earth and the 
rest of the solar system 


the blue lines surrounding the Earth represent 
its protective magnetosphere 





mm Solar eclipses 
What ISa When the Moon nb out the Sun - 


sola i fla re? “Asolar eclipse is a unique phenomena where the Mo meee 


: ' directly into a line between the Earth and the Sun, partially or . 
A massive explosion, but one that completely blocking ourview ofthe Sun. The Sun is blo cked 
happens to be several million _ according to the relative orbits of each celestial body. There | 
degre esin temp erature... _ aretw9 Kebarolsxeyi eclipses: one where the Moon orbit shows the - 
_ outer edge of the Sun, orwHere the Moon lines up perfectly’ - ’ 

- and the Sun is blocked completely from view. 


a 


“Asolar flare is a rapid release of energy in the solar 
atmosphere (mostly the chromosphere and corona) 
resulting in localised heating of plasma to tens of millions 
of degrees, acceleration of electrons and protons to high 
energies, some to near the speed of light, and expulsion of 
material into space,” says Alexander. “These 


electromagnetic disturbances here on Earth pose 


f a = 
potential dangers for Earth-orbiting satellites, space- | ~ iCj i 
walking astronauts, crews on high-altitude spacecraft, “4 th e S n? 
and power grids on Earth.” ul = 


Our Sun has a 
diameter of 
1.4 million km 
and Eartha 








diameter o 
Sometimes, the orbits of the Earth and Sunline up almos 
Solar flares can cause geomagnetic storms on the perfectly so that the Sun is blocked (eclipsed) by the I3 F O O O km 


Sun, including shock waves and plasma expulsions WV Coloy ans) eloyntaewercvacnvsisensksver-lolenniaeslimeceesnaels 
eclipse, taken from the ISS 








What Is a su nspot? 


Signifying cooler areas, sunspots show up as dark dots on the 
photosphere (the visible layer of plasma across the Sun’s | 
surface). These ‘cool’ regions - about 1,000 degrees cooler than 
the surface temperature - are associated with strong magnetic 
fields. Criss-crossing magnietic-field lines can disturb the flow of 
heat from the core, creating pockets ofintense activity. The 
build up of heat around a sunspot can be released as a solar 
flare or coronal mass ejection, which is separate to but often 





Ifthe Sun were the size ofa 


accompanies larger flares. Plasma froma CME ejects from the basketball, Earth would bealittledot . ~ 


Sun at over1 million miles per hour. : no morethan 2.2mm in diameter, 
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It’s the Sun, but not _ 
as we know it 4 


hese amazing images of the Sun are the first taken by NASA‘s Solar Dynamics 
Observatory (SDO). Taken on 30 March 2010, this false colour image traces the 
different gas temperatures with reds relatively coo out 60,000 Kelvin or 
107,540 F), while blues and greens are hotter (1 million Kelvin 0r1,799,540 F). The SDO 
provides images with clarity ten times bette abredocroccvepebialoyem AVA 
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DID YOU KNOW? Ancient cultures were often frightened by solar eclipses and attributed them to supernatural beings 


Solar eclipse 





/ Solar eclipses occur 
when the Moon 

passes between the 

Earth and the Sun 


The solar eclipse is a truly 
breathtaking sight 





Bed Malena (enaeyan elens)et-leloynaes tim enanare 
: Moon during a solar eclipse in . 
~ § * 1999, taken bythe Mir space station * 





When the 
Moon blocks 
out the Sun 


The relationship between 
the Sun, Moon and Earth 
during an eclipse is 
geometric 


1. Sun Re, 


The Sun and the Moon often appear to 
be the same size, because the ratio 
between their diameters is about the 
same as the ratio between their 
respective distances from Earth 





2. Moon 4. Penumbra 
The magnitude of an eclipse is 
the ratio between the angular 
diameters of the Moon and Sun. 
During a total eclipse this ratio 


is one or greater 


3. Umbra 
The umbra is the central area of 
the shadow of the Moon. If this 
area passes over you, you'll see 
a total eclipse. The sky will be 


completely dark partially dark 


The penumbra is the outer part of 
the Moon’s shadow. You will see a 
partial eclipse if this part passes 
over you and the sky will only be 


uring a solar eclipse, the Moon casts 
[) shadows on the Earth known as umbra 

or penumbra. The umbra is the darkest 
part of the shadow, while the penumbra is the 
area where part of the Moon is blocking the 
Sun. Partial eclipses happen when the Sun 
and Moon are notin perfect alignment - only 
the penumbra of the Moon’s shadow passes 
over the surface of the Earth. Ina total eclipse, 
the umbra touches the Earth’s surface. 

There are also annular eclipses, in which 
both the Sun and the Moon are in alignment 
but the Moon appears to be slightly smaller 
than the Sun. The Sun appears asa bright ring, 
or annulus, around the Moon’s profile. The 
umbra is still in line with a region on the 
Earth’s surface, but the distance is too great to 
actually touch the surface of the Earth. 

Depending on your location, an eclipse may 
appear to be any ofthe three possible types. 


_ For example, ifyour region lies in the path of 


totality, you will experience a total eclipse, 


- while people in other regions may only seea 


partial eclipse. Solar eclipses occur between 
two and five times per year, with most of these 
being partial or annual eclipses. 

Total eclipses have four phases. First contact 
occurs when you first notice the shadow of the 
Moon on the Sun’s surface. During second 
contact, you will observe a phenomenon 
called Baily’s beads, when sunlight shines 


, jaggedly through the rugged peaks and valleys 


ofthe Moon’s surface. When one bead of light 
is left, itappears asa single dotin the ring, 


_ knownas the diamond ring effect. Next, the 


Moon completely covers the Sun’s surface with 
only a corona of light showing. The final stage 
is third contact, when the Moon's shadow 
moves away from the Sun. 


5. Earth 


In an annular solar eclipse, the umbra 
never touches the Earth because the 
Moon is too far away in its orbit. The 
Sun appears as a bright ring around 
the Moon’s profile 
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many secrets _ 


a 


ne small step.for aman, one giant leap for 

mankind”, said the ghostly black-and- 

white shape ofa man ofi live TV, broadcast 
to the whole world. This wasn’t any ordinary man, 
dalolerdemr-belemments wasn't an ordinary X=) Coataksyloyal 
broadcast, which had J aXe) Ursy=) ale) lombloreyem ateletsr=)ate)le! 
across the globe glued to their screens. 

This was the summer of 1969 and Neil 
Armstrong had put spacesuit boot to soft, 
powdery lunar soil ina feat that had never 
been achieved before by anyone: he was the 
very first man to walk on the Moon. You might 
‘remember the Apollo 11 mission when it 
happened, or maybe you weren't even born, 
but you've managed to:piece together what a 
momentous day it was for space rcb¢e) (oy eshaleyel 
from newspaper cuttings, books or even froma 
story recounted by your relatives. Armstrong’s 
bootprint signalled a historic change in how 
we see the Moon.. 

All dabqeercdateleimeloncet-bemebtsine)avamecml\yColejemer-vel 
been just a bright disc in the sky, its shape 
changing witha monthly regularity as different 
parts of it are illuminated by the Sun asit orbits 
Earth. Then, with the beginning of the Space 
Race between the USA and the Soviet Union, the 
Moon became a target to be reached, first by 
robotic probes and then by human beings. It 
transformed from a silvery disc into a real world, 
one that we have since come to understand 
better in part thanks to the astronauts who 
bravely travelled the 384,400 kilometres (238,855 
miles) to its heavily cratered surface. 
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It took a walk on the Moon to 
reveal our natural satellite’s 







Lunar maria 

These large, dark areas, mostly on 

the lunar near side, are vast areas ; 
(o) migeyd=\aMl-\\e-muar-l mili (scemell-lale 

impact basins billions of years ago 


Craters 

The Moon is covered in craters. 
Most date back to 4.1-3.8 billion 
years ago. The largest craters are 
the basins that form the maria 


How craters are carved 


Craters are the scars of impacts by comets and 
asteroids. Most of the craters on the Moon were 
formed during the Late Heavy Bombardment of 4.1-3.8 
billion years ago, when an influx of asteroids invaded 
the inner Solar System. Craters can be dozens to 
hundreds of kilometres across, sport central peaks or 
mountains, and splash debris across the surface. 











eUTarelamalielairelarecs 
Around the ‘coasts’ of the lunar ‘seas’ 
Toma alom alte laltlaresceeelarel(-ial manvelelale-}iarelels 














Crust 


The Moon’s crust ranges in 


averages at about 12km 
(7.5mi) thicker than the near 
side. On average it is around 








Mantle ae 


a iarewant-lald(-micmunoml-]ae(-mvce) 0 lpal= 
beneath the crust that, at least 
Tam tale ey< oie \c- Kom pale)icslamelare 
10-1 |(eXemdavemico)lor-lalciaamuarele 
created the seas 





Ul CeMelUi n=) move) a=) 

A layer of molten iron, 1,400°C 
(2,552°F), lies below the mantle 
near the centre of the Moon, 
with a radius of 330km (205mi) 
_ from the centre 















Talarclanexe) =) 
ro) fom ne) amexe)q-e) ma a(=m VCore) ae 
9) Taam @bol0) ani Mlam cele llUcHm aatelcacmel® 
only 0.2 per cent of the volume of 
: the Moon, a much lower percentage 
than the cores of planets 


iste] (o)alcme) (ellen eatelamaarom antela tc 


thickness: The far side 


50-60km (31-37mi) thick * ° 


Making of 


the Moon 


In for 
the kill 
Around 4.4 
billion years 


~ago,aMars-sized ' 


protoplanet called 
Theia is thought to 
have struck a young 


Earth at speed of 
_ 4km/s (2:5mi/s). 


A planetary mix-up. 

The collision happened with such 
force that Theia’s iron core sunk into the 
Earth, while the mantles of both eae 
mixed together. 3 


The shape of things to come 

Not all of the planetary material mixed 
together, though some ofthe mantle was 
tossed into orbitaround Earth. These jo) (eXerers 
would later combine to become our Moon. 


A companion for life 

Gravity rounded off the ejected 
material, leaving behind the bright natural 
satellite that we see in the sky. 
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Armstrong, who was Apollo 11's commander, 
wasn't alone on the lunar surface that day. Fellow 
astronaut and lunar module pilot Buzz Aldrin 
followed him down the ladder of their lunar 


JEcWaTo(=)qmd elem ot- ted (omr-Valomnole)@uemmarcr-¥elcve@l-Daletser-lel= 
of the Sea of Tranquility. Together, they collected 
samples of lunar material - dust and rocks — to 
bring back to Earth for scientists to study and 
learn more about the nature of the Moon, its 
JabEsixe)ays-DeCOB LEK) greanelse Meanwhile, third crew 
member and command module pilot Michael 


Collins stayed in lunar orbit above them, waiting © 














San Francisco — 


for Armstrong and Aldrin to return from the and inactive. Its most active period was three to 

surface for the trip backtoEarth. four billion years ago, when the inner Solar 
They, and the other ten astronauts towalkon System was bombarded by comets and 

the Moon after them, leftfootprintsinthelunar asteroids. These impacts created most of the 


dirt that will remain on the Moon for probably cratersweseeontheMoon,andthis  — 

as long as the Moon exists. The Moon is airless; bombardment was followed by a period of 

there is no wind, no erosion other than the DalRsvarsysnr(e)lersbeuhsjesMe)emmelom\y/(ole)anm Welsmotsbace 
feather touch of tiny micrometeorites that patches we can'see on the Moon - the seas or 
pitter-patter the surface. Scientificinstruments  ‘maria’-are huge frozen plains of volcanic lava 
yim of:) ovbaleMeyemmel=w\y (oleyem onan arcwavere) ole that filled the largest impact sites. It is the maria 
astronauts have detected the seismic waves of that contribute the pattern of facial features of . 


Moonquakes, but overall the Moon todayisdead _ the’Man in the Moon.’ 


1,600 miles 

The di Jo a 
e dlameter O 

The M alam arejen (ele) <4 = 

Fea ites nicht chy Moon’s largest crater 


meacronoessest | arvest Moon 


it to the other - known as 
; The Full Moon closest to 


its diameter - then you 


would get a distance of ‘ualswcleiecianial fetel UT Tate) @ 
3,475km (2,160mi). : ; 


Pi th Gisctand | The 
are from each other’ - alelaaleycie 
mre) m\"/(exeln 
walkers 


When there are two Full 
Wi Coyoyatomlamrs ManeleluaMmyycmers|| 
the second one a... 


Blue Moon 


Percentage of | 
_the Moon @) 
visible from @) 
: Earth 


Weight of all the rock 
samples returned by Apollo 


How big is 
the Moon? 





Cleveland , 







How faristhe Moon? Gravity explained 


Astronomically speaking, the Moon isn’t that far away. Ananalogywould Since it’s lighter than Earth, our Moon’s gravity is lower = 
be if you used a basketball to represent the Earth anda tennis ball to that means you can jump higher on the lunar surface! 


represent the Moon, they would only be 7.3m (24ft) apart! as ~ 


Earth 


384,400km 





\ (238,855mi) apart 









13.9m 
(45.6ft) 


8.51m 
(CA ASVAn9) 





















New Moon 
When the near side is 
rorolane)(cinci Nal lamal(elalmdjaalcMayviaal 
the far side in day time, we Phases of the Mioon 
call it a New Moon : i 
Our companion in space, the Moon plays an 
important part in some interesting phenomena 


a Phases 
As the Moon pirouettes on its axis and 


(o Fe] arexssowre] c0l0 ale maal=M at-]adame)amiscme)ae)iem-mlUlal-la 
day lasts almost as long as an Earth month. 
Because the Moon always shows the same 
face to us, we see nighttime slowly creep 
across the Moon’s face, causing the 
changing phases of the Moon 


Eclipse 

When the Moon moves into Earth’s shadow, 
the Moon becomes eclipsed and turns dark, 
sometimes blood red. When Earth moves into 
the shadow of the Moon, the’Sun is eclipsed 
elaleMel-\ARUlgatcmueM al(e] al mcelar-Mic\"anallalelnstoer- We 
partial solar eclipse occurs when only part of 
the Moon drifts in front of the Sun 


NEW MOON | . | are i ee tae WANING 
2 “WAXING - gilli." WANING CRESCENT 
“CRESCENT / y ' Combined . NEWMOON (rm. CRESCENT. 


(el @=hvaiee 14 (e) are) 
pull of the Sun 

















High tide , 





‘ and the Moon 
Tees alliaey-lat : = rel 
of the Moon 2 Low tide *s, 
not visible © ¢ = TheMoon’s *. ‘ 
from Earth gravitational ‘. 
pull affects . 





tides on Earth 


— 


FIRST << — | “High tide - 
‘ QUARTER Low tide 


WAXING 
CRESCENT 





| re ‘ LAST QUARTER 


: LAST 
- . F QUARTER | 


e 
e 
e 
e 
e 








No sunlight 


.- — Sunlit part of the 
NV KoYeyaMvdlsi1e) (=) 
iiceyaae =tclada) 





WANING‘. 
GIBBOUS 


WAXING ©. - WANING 
GIBBOUS -GIBBOUS 
- Full Moon 
When the near side is 

fully in daylight, we 
say the Moon is full 


Tides : 0) do) | “a 
Ever wondered why the tide is in while at Our natural satellite takes around 27.3 | 7 


other times it’s out? It’s all to do with the (o Fe hVacmn Kom oxo) an) e)(=1>me)al=M le] oe] celelavemelela 





fo) F<] al-vumme) ge) iu ale Wr-] mr- I~) ol-12le me) m-|aelel are, 





gravity of the Moon as it moves around the 
; Earth, as well as the Sun. Our lunar 1km/s (0.62mi/s). The Moon is at an . 
WAXING orelanley<]alce)a sme) e-\ Aaa Ole] oma atom to] ge [om olele| (=t-me) i Wiel e-le(oMel [yt] a(ex= We) m=] ce] 0) ale Blstom 01010) \¢n0) FULL MOON 
fe} | 34310] Oh water toward it, generating two tides per day (238,900mi) from the Earth’s centre : 
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Once upon atime, the lunar seas were 
thought to be seas of water by early 
astronomers. In reality the Moon is bone dry - 
id oLcmhebersb mp qelelcact- Bente) (crm opcelered slimes: (e@oyanel= 
Apollo missions have been analysed over and 
over again and have been found to contain 
barely any water molecules at all, containing 
just a few parts per million. However, while 
iM alsyqcpent-\ymelelmol-manloleleMilrclnsyabotsy(o(cma elem (oreel 
-aresult ofthe way the Moon formed from the 
debris of a'giant impact on Earth -in deeply 
shadowed regions at the poles of the Moon, on 
crater floors where no sunlight ever reaches, 
large quantities of water-ice lurk. This ice has ~ 
been brought to the Moon by comets and 
asteroids that have crashed into it, and we 


Far side 
This is the side of the Moon we can’t 
see Without taking a mission to the | 


Moon. You might be surprised to learn 
that it looks different to the near side 


Unexplored 

The far side of the Moon 
was seen for the first time 
by the Soviet spacecraft 
Luna 3 in 1959 


‘Moon exploration history 


1959 


aBatcmealiaems) ey-lex) ai atews-vere) are! 
probe to be sent alelaarela 
vo dal=MlV (olelammaal=) Joyereccvil(elals 


Soviet spacecraft 
Luna 3, was an 
early attempt at 
Taavele]iaremualcmirele 
side of the Moon 
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18 per cent visibility 
Since the Earth undergoes libration . 
’ -in other words it oscillates in its 
orbit’ - then we catch a glimpse of 
_ 18 per cent of its far side. 


Heavily cratered 

The Moon’s surface on the far side is covered 
in many more craters than the near side. It is 
home to one of the largest craters in the Solar 
System - the South Pole-Aitken basin 


discovered this by crashing our own impactor 
into the lunar surface. : 

A NASA spacecraft, called LCROSS, the Lunar 
Crater Observation and Sensing Satellite, found 
NVUkey co COM batci(e(-- Me eclacvarclmaat-Bieeotcvarcveleiaem eres 
called Cabeus. The upper stage of the rocket 
that launched LCROSS crashed into the crater 
ahead of LCROSS, allowing the NASA probe to 
measure the amount of water in the debris 
plume from the impact. Then India’s 
Chandrayaan-1 satellite, orbiting the Moon, 
discovered an estimated 600 million tons of 
water-ice in permanently shadowed craters at 
id eLewavpet-bap ele) adem ore)(-mm Walcmoleylcromn olen omel-mrelcr. iI 


- places to locate future human bases: the water 


oo) oO Ke Moromersrcromcoymebabelvenatcmmoeim-Nlsvome)ae)cc-0l 


q od 


i 


> 


7¢ = ; a - , 
Large basins 
Large lava-filled impact 
basins, which are also 
known as lunar seas or 
[UlatelalantelatcPurelacmante)a>) 
orolan/aalelame)am uate alst-]@ci(e(= 


Thinner crust 

The near side of the Moon has a 
raplinlatclaxeal cum dar-lan natch i-laci(e (Mallets 
Moon's chaotic formationis 
raatelble]almcol oleae oleate) (“Biola nals 


apart into oxygen atoms for breathing and 
hydrogen for rocket fuel. 

Unfortunately, there is no sign we'll be going 
back to the Moon soon. The last astronaut to walk 
on the Moon, Gene Cernan of Apollo 17, didso in 
1972. Since then there have been many plans to 
return, but each time they have been cancelled. 
NASA are currently building the Space Launch 
System, featuring the most powerful rocket since 
the Saturn V took the Apollo mission to the Moon, 
which could feasibly one day return humans to | 
our nearest neighbour. The Chinese are also 
J aCoyiianateesbambolccyaccimbemert-lenetee-wieldelmeonaels 
Moon. Whenever we go back, it may be for good, 
and when we do, it will fully transform the Moon 
into a new home away from home. | 


Near side 
The near side of the Moon is the face 
- - or hemisphere - that we always see. 


This is because the Moon and Earth’s . 
spins are synchronised. 


— 
S 


~ Lunar highlands 
Lighter-toned regions re Ne 
on the Moon’s surface | 
are the Moon’s ~ 
aytelal relate ismmeyancial 
referred to as terrae 






1971 


Dubbed as the most 
TU lexex=sci-9 00] Ma atelalarsvemanlistie)a mei 


aalisss)(e) am com uals 

NV Koo) a AYA efe)| (oes ¥m els\er-|aa(=m nals 
first manned spacecraft to 
enter lunar orbit before safely 
acide aaliare muon =t-laun| 


its time, Apollo 15 was the first 
mission on which the Lunar 
Roving Vehicle was used. Its 
astronauts spent three days on 
the Moon 


(OF-Ta alate WAnalzia (er-] aM (2)| WAldaaieae)alem-| acm slUyaarA\(eldlan 
PAN ofe) | (oes Ml c=) 0) ==) pin oYe mmol al=M—iaaT-] | Boi k>) om ce) a> aal-laPmelal= 
giant leap for mankind” when they became the first to 
step onto the lunar surface. Astronaut Michael Collins 
'e) Co} x=Xe Ma al-mexe) aalant-lare m=) ey-lescere-] aman llal-l areas) 





— 


i 
. 














DID YOU KNOW? The Solar System has four moons larger than Earth's Moon: Jupiter's Ganymede, Io and Callisto, and Saturn's Titan 


sFelaat=som lauulame) i Apollo Rs) 


salutes the US flag on 1 Moon-walking 


August 1971 


A chat with Walt Cunningham, 
yAN ole) (omy As-m MUlar-lem\Yi(olelel(=meli(ols 


Why did you 
fa (=Yoq(e(=m Ke) 
become an 
astronaut? 
(CE Tele] at-) ms mer- lame] 
you, it wasn’t for 
the money! My 
starting salary 
when | went to 
work for NASA 
was $13,050 a 
year. When | left 
eight years later, | had worked my way up to 
$25,000 a year. [Despite the low pay] it was 
foal =e) mmdal=Mi"(0) qe MMe) cst] kam (0) ecw lalemicelan 
the 1960s to the 1970s were the 
fe To) (o{=1nm-le(=me)mant-lalalz\e ms) ey-(e-1i lle] alm 
It was very much like the 1920s 
of aviation - we weren't flying 
planes with silk scarves and 
ug] lalate Meleimme)mr-Mecoler.qe)imoleis 
you know, we felt like it. 






















Why was your salary 

so low? 

We weren’t covered by 

NASA’s flight insurance 

due to the high risk. If we 

atclem ol=\-la Mm ualom e-1KmVelel(e| 

have been too high for all of 
the employees of NASA. One 
1d |aatoem elle mciimmele)ual-lare| 
calculate that if | got paid 50 
cents a mile, | would have made 
$2.25 million. 


Mare] mre for=somy PANoyAW (ole) quo) ma al=)am-y2) (=\ea [ale] 
their astronauts? 

TakelhvA(el l=] cm-l asm all aveme)am=->.4e\-)a(-lalecm-l are, 
qualifications but you must be willing to stick 
Vel0] am asxe @xe Ul emn AV(oml Kexo) nal pat-lale(=) am A\c-l1k-)apsievallage| 
late m@xe)aavaat-larem\(ecel0| (=m e)] (elm Dle)alam aisi-1(-) mel (elalas 
shy away from the unknown and we were willing 
to take a risk. We depended on each other for 
(olU] aa AVctoom =>,4 ©) (0) e-]4(e) em iciaimmr-|ecelel mali lanliavelalalemais).e 
ii Masr-] ofo LU) ma ar-lar-le|iale mals). ema Oidel qoW-\1Nge)ar-l 0] ecm ar-\io 
1 nyse) e)oelanelalimvmcom-lecece)oale)|ciamanlecoiamiamual= 
exploration of the Red Planet, Mars. We have the 
rene Gratccobsewation resources and the technology, but it’s up to 

and Sensing Satellite (LCROSS) a future generations to have the will Ke) tackle this 
next frontier. This will expand our universe and 
change the way we all look at our world. 






mission found water in the 
southern lunar crater Cabeus 


1972 


AV ore) (om Wala nt-la.ccve| 
the end of the. 
Ne at-la(ersecm (latel a 


acres". 2OQR 2009. 


’ China’s Yutu = 
rover, also called 
Jade Rabbit, 
aatelaeomarewilecis 
Yo)ammt-lalelialemeya 





© NASA/GFSC/Arizona State University; Science Photo Library; Corbis 





mission’, Apollo17 - India’s first lunar probe, The Lunar Reconnaissance Made to crash into the Moon’s surface when — the Moon. While 
included a three- Chandrayaan-1, was comprised’ Orbiter (LRO), which is its missioncame to anendin2012,the _ _ it’s currently 
day lunar surface , of alunar orbiter andimpactor. | Currently in orbit around the Gravity Recovery and Interior Laboratory - unable to move 
stay and a Lunar - Theimpactor probe struck the Moon, maps the lunar surface — (GRAIL) was made of two probes that iim bswexe) | (=Xern lave] 
Roving Vehicle south pole of the Moon to identify safe landing sites aareleyex-\e ha ateWlY/(eYelaWcwel e-\ aie] alelar-l miele! useful data 


































Moyashorstacte! to dels other planets, we know: 
_ relatively little aboutthesmallest . 
planetinourSolarSystem “| 


Ithough we've been observing Mercury juaeyeel 

Earth for i Tekeletst- pavers ofyears, its close proximity to 

the Sun = about 58 million kilometres, on average 
a akctspoctclelsmimonbaslaevamce)a-tinqeyeleyestsvas cop (chan wenetelel | 
about the planet. The Hubble Space Telescope éannots 
observe it, because turning that clgse towards the 
Sun would darhage the telescope’s instruments. « 
Most of what we know came from the 1975, 
WWE Webeleyar Cos) of-(eom 0) a0) 0L-McN | hy 0)) A ; 

With the naked eye, Mercury can only be 
Seen at dawn or dusk, depending onthe time 
of year (unless there is a solar eclipse). This 
ifs due to the Sun’s glare. Mergury cai also * 
beseenasa small black spot moving , 
across the Sun at intervals of seven, 13 
andg3 years. This is known asa transit sy 
“of Mercury across the Sunandoccurs covered i int tiny fin erals * 
when the planet comes between the | ae silicates. 
Earth and the Sun. 
Mercury has the shortest year 

of any planet at 88 Earth days. It 
also orbits around the Sun faster 
idat-Ven-Denaelael-yae)t-velsimanverle@ents 
why it was named after the speedy 
Roman messenger god. Conversely, 





















Mercury has the longest day of any | ror re ‘way bay a 
planet due to its slow rotation. My G £F we 1" () 
Because it revolves so quickly 1d ny . Mf Poe, ef!) | 

Se Sa: ca Piz i= | 
around the Sun, yet only rotates on a ye) ot 
its axis once every 59 Earth days PD RES 

7 AS. mie p's 
the time between sunrises on ch ee Way O35 Oke ae << 
. 7 ani |) APR eel wie | — » 
Mercury lasts 176 Earth days. Mercury es ee % Pee ay ‘a — _ - eo 
also has the most eccentric, or a are ee ee OURS ot ———— p< 
. . . ti ‘ b> gir ro ft ay: 4 +. ay 
stretched-out, elliptical orbit. Like our oe. ie Bf y 4) ut 1 ° 
moon, Mercury can be observed going RS ae BBAD a ry q wr - 
idavaoleldolcleyoy-vacveimeat-veruacpreplectset-ler= WV aks oa Be ee ME a ci : 
and size called phases. OE BeOS 8 Re cae Od ves mE 
ee | y ii 








Mercury has avery thin, almost airless atmosphere. y s Viercu 
At one time it was believed that the planet didn’t have 


an atmosphere at all, but it does contain small NX ea Ware secti on i 


concentrations of the gases helium, hydrogen and oxygen as 


well as calcium, potassium and sodium. Because of Mercury's ' the smallest planet t In 


size, it does not havea strong enough gravitational pull to keepa “N ells Ye) faln System 
stable atmosphere. It is constantly being lost and replenished via 
solar wind, impacts and radioactive decay of elements in the crust. 
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Terrestrial planet 


Like Earth, Mercury isa rocky planet. It comprises about 70 per cent metal 
and 30 per cent silicate materials. Because Mercury is so dense - almost as 
dense as Earth, although it’s much smaller - it probably has a very large, 
iron-rich core. Scientists believe that Mercury’s core makes up almost half 
of the planet's total volume and three-fourths ofits total radius. It also 
contains more molten iron than any other major planet in the solar system. 
The core is estimated to have a radius of about 1,800 kilometres, witha 
mantle about 600 kilometres thick and a crust about 300 kilometres thick. 
There are a few potential explanations for this large core. Mercury may 
have had amore substantial crust and mantle that were stripped away by 
high temperatures and solar wind from the Sun, or it could have been hit 
by astill-forming planet called a planetesimal. 









Mantle 


Arocky mantle, 
much like Earth’s 


- 


OX) a=) 

PAW lefe(-Mige)amece) c=) 
sits at the heart of 
the planet 


© Science Photo Library 


+ @@@ —_— Calori Montes 


Mercury has several mountains known as montes, 
the tallest and largest of which are the Caloris 
Montes. This is a series of circular mountain ranges 
up to three kilometres in height located on the rim 
of the huge Caloris Basin. The Caloris Montes are 
massifs, formed when Mercury’s crust flexed and 
igsleqaelacveelU(-Mconlan|ey-ceis 


<—________———-_ Temperature extremes 
While Mercury has an average surface temperature of around 179°C, 
temperatures ‘on the planet fluctuate wildly'depending on the location on 

the planet, the time of day and How close it is to the Sun in its orbit. At night, 
surface temperatures can go down to -170°C. During the day, they can reach 
450°C. Some scientists believe that ice may exist under the surface of deep 
craters at Mercury’s poles. Here temperatures are below average because 


STalitelalmersaavela Yetetee] 


Miooon-like surface 


The surface of Mercury looks much like 

id alenc] bets (ecu) melon m@ecleleemM Nelcwtcbexccimecclnsye 
on Mereury is the Caloris Basin at 1,300 
kilometres across. The impact caused lava 
eyaby 0) me) elsr-beleus) slelelanichicrommersimie)esstcrel 
hills and furrows around the basin. 
Mercury also,hastwo different types of 


4. Shockwaves. 


Impacts with large meteorites actually send 
shockwaves through the core of the planet 


and around its perimeter, 


F r b 
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5. Uplifted crust 


The shockwaves force the rocky 


aavelala(eM nom olbcer d(-Meloui-leelMualcolecela) 


the crust, forming mountains 





K— 
4,879km 12,756.3kMn 


plains. The smooth plains were likely 
formed by lava flows, while inter-cfater 
plains may have been formed by lava or by 
impacts. The most unusual features are 
the wrinkles and folds across its plains 
and craters, caused by the cooling and 
contraction of the planet’s core. 


1. Meteorite impact * 


Mercury has been continually hit 
with comets and meteorites. The 
largest of thése impacts have 

effects across the planet 





2. Crater 


Some craters are 
relatively shallow 
FlaleMal-lage) Velo s 
impacts with 
meteorites leave 
large craters 





3. Ejecta 


Tan)eyeleamoMce)geeMe(=le)a(MalelaM nixon un(ci-l mela) 
Mercury. Falling debris settles around the 


crater, creating an ejecta blanket 





Sizes... 


Mercury’s diameter is two-fifths 
that of the Earth, and its mass is 
slightly less than Earth’s 






The transit of Mercury 
Every seven, 13 and 33 years, 
Mercury can be seen as a black 
spot moving across the Sun 
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Discover just how similar this. , ee ee — 
planet actuallyistoEarth:. : + 0 *. 


> . . 
. enus has often been called Eanth’s sister planet because of their False cc ol i 
. similarities»Both planets areferrestrial (meaning that they are yr view of Venus ne 
made up ofsilicaterocks) and close in size, mass and gravity. ' a 


Je ius ae 
Venus pr@bably has a similar structure to Earth, with a crust, . y : 5 eng 


mantle and core. It has a diameter ofareund 12,000 kilometres, 
650 kilometres smaller than Earth. Its mass is about 80 per 
* centof Earth’s mass, and its gravity 90 per cent of * 
Eafth’s gravity. 

However, there are also many differences 
betweeh Venus @nd Earth. Venus is about 108 
jsand bCoyaW rel Loestcinas\cbiqeyauhdat-Esvbbek-beleRot-st-vel 
almost perfectly circtlar orbit, while all of 
the other planets have elliptical orbits. 

Venus completes one orbit every 225 days 

and has one of the slowestgotations of 

any planet, with one évery 243 days. - 

Venus’s consistently high temperature means 
idatclmimetctspelenciobets(@cantclise 

WM etsy o)tcbalcim-dlsron et-topenle)acnmer-vel 
1,500 volcanoes, many of which are 
more than 100 kilometres across. 

WV Cofsi me) mn oXon (0) (er= balorcre- bacon =y.¢ubelepmelelmcre)eals) 
believe that there has been recent 
volcanic activity. Because Venus 

doesn’t have rainfall, lightning could 

have been caused by ashy fallout froma 
volcanic eruption. These eruptions have 
created a rocky, barren surface of plains, 
mountains and valleys. 

Venus is also covered with more 
idalcbemeolelop east er-lemelcclkcJacmal\/pebl(cuet-Danel 
and other planets also have craters, 

Venus’ are unusual because most of 

them are in perfect condition. They haven't 
degraded from erosion or other impacts. 
Venus may have experienced a massive event 
as much as 500 million years ago that 
resurfaced the planet and changed its 
atmosphere completely. Now bodies entering its 
elm ealessje) elsyacmcimelc)meleneemelene)a-Vacesleuucronelenniael 
enough to avoid making a crater. 

It has proven difficult to learn more about Venus, in 
part due to its dense atmosphere. Although probes first 
visited the planet in the early Sixties, it was not fully mapped 
by radar until the 1989 NASA Magellan probe. The Venus Express, 
launched by the European Space Agency in 2005, is a long-term 
=y:q 0) lo) astm Celeyeaelel-meebaaaselehace/aeyinbercmmalcme)t-velcim.balenct-Jelenbercmey-lelqorsir.| 
elelelelmince=1usslessjo) alsvacn 
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Venus’ 
atmosphere 


Immense pressure of 
the atmosphere 


Venus’s atmospheric pressure is greater 
than that ofany other planet - more than 90 
times that of Earth’s. This pressure is 
equivalent to being almost one kilometre 
below the surface of Earth’s oceans. The 
atmosphere is also very dense and mostly 
carbon dioxide, with tiny amounts of water 
vapour and nitrogen. It has lots of sulphur 
dioxide on the surface. This creates a 
Greenhouse Effect and makes Venus 
the hottest planet in the solar system. Its 
surface temperature is 461 degrees Celsius 
across the entire planet, while Mercury (the 
mh closest planet to the Sun) heats up to 426 
The NASA Celsius only on the side facing the Sun. 
Magellan spacecraft Ad 


pping 
Venus 


Red indicates 





elevations in 
the false- 
colour view 
of Venus 


1. Ishtar Terra 
One of two ‘continents’, or 
earelColmalielalrlalems) c= eee (sn ecm 
Ishtar Terra is located at the 
planet’s North Pole. It is a little 
smaller than the continental 
United States 


2. Maxwell Montes 
Located on the north edge of Ishtar 
Terra, Maxwell Montes is the largest 
acevelalecliame-lave(=MeleM(:)alercw-|matcrc la han A 
kilometres high 


3. Lakshmi Planum 

This plateau in western Ishtar Terra rises about 
3.5 kilometres above the surface of Venus. It is 
covered with lava flows 


is 81.5 per cent of Earth’s 


4. Guinevere Planitia 

Venus is covered with regions of lowland plains 
such as Guinevere Planitia, which contains several 
volcanoes, impact craters and fissures 


5. Beta Regio 
Beta Regio is one of several volcanic rises on Venus’ 
surface, more than 1,000 kilometres wide 


12,103.6km 





highland areas 
7 and blue | dotted by volcanoes 
ind icates | ower This computer-generated image shows a 


7,500-kilometre-long region on the northern 
hemisphere of Venus known as Eistla Regio. It 
(ole) olec ba etsmANVonrce) (er-DelelesmmeLUNe WV Cevetsmeyemmelcnatedelm-balel 

Sif Mons on the left. Gula Mons is about three 
kilometres high and Sif Mons stands at two kilometres. 


Venus and Earth are very similar in a 
size. Venus’s diameter is only 650km less Se 
than that of Earth, and the mass ~ 





12,/56.3km 


Beneath the 
surface of 
Venus 


What lies at 
the core of 
Earth’s sister 


planet? 


Mantle 

Venus’s mantle is 
probably about 3,000 
kilometres thick and 
made of silicate rock 


Crust 


Venus likely has a 
highly basaltic, rocky 
crust about 100 
kilometres thick 


© DK Images 


® : . . - | 
¥ _ — Core 
e & ace Scientists believe that Venus’s» 
e 
cofe is a nickel-iron alloy and 
| 
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AV(cie lb tsp lsKeley (=) cele u tele) cerle! 
Jo) Dhetseebelemc)tcatclncemacrcaleyels 


partially liquid, with a 
diameter of 6,000 kilometres 











Viars 


Ojdetsyadetcveneelsurs(emestclmincts| 
planet in our Solar System, what 
do we really know about Mars? 


Mars, with around half of those failing. Other 

dat-Domdelcm ot DasemimismmetcmenlecimabContcceme)t-Detcimee| 
the Solar System, and for centuries it has been at the 
Jat=rcVamey aryl lous) olcrebeCcLaloyem-Dalemeaqebneleleyacrclcepers 
scientific discoveries. Observations of Mars have not 
only revealed otherwise unknown secrets but also 
posed new and exciting questions, and it is for these 
reasons that it has become the most intriguing 
planetary body of our time. 

Named after the Roman god of war, Mars has 
fascinated astronomers since Nicolaus Copernicus 
first realised Mars was another planet orbiting the 
Sun in 1543. Its notable features such as huge impact 
craters, gullies and dormant volcanoes suggest it 
was once more geologically active than it is now, 
leading scientists to speculate on whether it 
supported water and life in the past, or indeed if it 
still does today. Astronomers in the 19th Century 


T o date there have been almost 50 missions to 


Os) 


falsely believed they could see large oceans, and 
there were several reports of people receiving 
‘communications’ from Martians in the form of 
bursts of light when they observed the planet 
through a telescope. Of course, we now have a better 
understanding of the planet, but we are still yet to 
unlock some of its most puzzling mysteries. 

Mars sits 141 million miles (227 million km) from 
the Sun and takes 687 Earth days to orbit. As its 
orbital path is not in sync with Earth’s it goes 
through a 26-month cycle of being closest (known as 
‘opposition’) and furthest (‘conjunction’) from us, 
located at a distance of 35 million miles (56 million 
km) and 249 million miles (401 million km) 
respectively. This change in distance means 
spacecraft destined for Mars are sent ina launch 
window every 26 months, when Mars is closest to 
Earth. In November 2011, when NASA launched its 
new Mars rover, named ‘Curiosity’. The journey time 





was upwards of six months, so Mars was actually 
closest on 3 March 2012. 

Like all the planets in our Solar System, it is 
JoX=T=aV(cro MVE Despieaselcrou-lelelelm/mmeyiuelevemycr-bacrstxe 
bats (oles Rcre)e-DepalslelvetsPaiselcvemonelcimercbanlel(ccmelenesyelsrel 
together to form the planet. At just under half the 
size of Earth it’s quite a small planet, whichis 
accredited to Jupiter forming first. The gravitational 
forces of this gas giant consumed available material 
that would have otherwise contributed to Mars’s 
growth, while Jupiter's gravity prevented another 
o)EValcmceyanadbercmelcianicrcveM\Vecbaces elem ieleyincvarsbalel 
instead left the asteroid belt. The northern 
hemisphere of Mars is significantly younger and 
lower in elevation than the southern hemisphere, 
suggesting the planet was struck by a Pluto-sized 
object early in its lifetime. 

Mars is often referred to as something ofa 
Xo (rele ob olc] mm balo(c\ere MBLecBI- (el cq@eymieylolcrel 











Giant crater 
With the northern 
hemisphere two miles 
(3.2km) lower than the 
southern, it has been 
suggested that a 
Pluto-sized body once 
ed into Mars 





mountains like those on Earth show that it has no 
currently active plate tectonics, meaning carbon 
dioxide cannot be recycled into the atmosphere to 
create a greenhouse effect. For this reason Mars is 
vbatcle)(cmcopaciesDeemenle(@emelsclomnWiden-Reberc(as 
temperature as lowas -133°C at the poles in the 
winter, rising to 27°C on the day side of the planet 
during the summer. 

Despite this, the atmosphere of Mars offers 
conclusive evidence that it was once geographically 
active. The outer planets in the Solar System have 
atmospheres composed of predominantly hydrogen 
and helium, but that of Mars contains 95.3% carbon 
dioxide, 2.7% nitrogen and 1.6% argon, with 
minimal traces of oxygen and water. This strongly 
suggests that volcanoes once erupted across its 

surface and spewed out carbon dioxide, further 
evidenced by giant mountains such as Olympus 
Wi Coyaksnaatzims}e)elsr-0 acon olcneleyasetsbalmie) (ec valeloce 


Core 

The core of Mars is about 
920 miles (1,480km) in 

rel Fe]p teins) emexe) an) oveccyeveM pales avg 
of iron with 17% sulphur 





Inside 





Poles 


There is a large amount of water 
ice at the poles of Mars, in 
FYel(elid(olamuow-B-174:y-]0)(=¥- nae lU la mei 
li goyd=)aWor-|gele)amel(o)d(e(-Wre) mel ava (oz) 


It might not be geologically active, but Mars does 
play host to some extreme weather conditions, most 
notably the appearance of dust devils. These 
tornadoes, ten times larger than anything similar 
on Earth, can be several miles high and hundreds of 


Mars is tilted approximately 24.5 
degrees to its orbital plane, 
similar to that of Earth 








Crust 
Meteorite impacts, volcanoes, 
erosion and the flow of the 
eareTalt(=Mate\V(2Wel Mexe)aiagleleiceve mre) 
the feature-rich crust, which is 
Fale) bi med Maal l(=s-m CoO) Cea) mani (or4 


__—_————— Mantle 
The soft mantle made of silicates 
is less dense than the core and is 

thought to have once been 
active, much like that of Earth 


Lacking 


The absence of a magnetic field, 
and its low density suggest Mars 
lacks a metallic core like that of 
Earth, although the Mars Global 
Surveyor has detected traof an 
Flated(s\almoarelelaccis(emicsice 







Size comparison 
Mars is approximately half the 
size of Earth, although both have 
roughly the same surface area of 
Felate Mm (\Y Felgc at-lmalemerersy-] 11-9) 


present in the rocks and soil reacting with oxygen to 
Je) Cole lb(uce-beweae)eney.ele(on 


In 1877 the American astronomer Asaph Hall, 


metres wide, creating miniature lightning bolts as 
the dust and sand within become electrically 
charged. The wind inside one of these, though, is 
almost unnoticeable, as the atmospheric pressure 
on Mars is so low. Interestingly, one of the reasons 
for the long survival rate of NASA’s Mars rovers is 
that these dust devils have been cleaning their solar 
panels, allowing them to absorb more sunlight. 
Mars’s gravity is about 38% that of Earth, with 
just10% of the mass. The surface pressure is just 
over 100 times weaker than ours at sea level, 
meaning that a human standing on the surface 
would see their blood instantly boil. The red colour 
on Mars’s surface is the result of rusting, due to iron 


urged on by his wife, discovered that Mars had two 
moons orbiting so close that they were within the 
glare of the planet. They were named Phobos and 
Deimos, after the attendants of Ares in the Iliad. 
Interestingly, the moons are not spherical like most 
other moons; they are almost potato-shaped and 
only about ten miles wide at their longest axis, 
indicating that they are the fragments of the 
collision of larger objects near Mars billions of years 
ago. Phobos orbits Mars more than three times a 
day, while Deimos takes 30 hours. Phobos is 
gradually moving closer to Mars and will crash into 
the planet within 50 million years, a blink ofan eye 
in astronomical terms. The moons have both been 


touted as a possible base, from which humans could 
observe and travel to Mars. 
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hen Galileo Galilei discovered 
W Jupiter in 1610, itis doubtful that he 

was aware of the impact this giant 
planet had on the surrounding Solar System. 
From altering the evolution of Mars to 
preventing the formation ofa ninth planet, 
the size and mass of Jupiter has seen it exert 
an influence on its neighbours second only to 
the Sun. 

Jupiter’s mass and composition almost 
more closely resemble a star than a planet, 
and in fact ifit was 80 times more massive it 
would be classified as the former. It can 
virtually be regarded as being the centre of 
its own miniature Solar System; 50 moons to 
date are known to orbit the gas giant, with 
the four largest (Io, Europa, Ganymede and 
Callisto, the Galilean satellites) each 
surpassing Pluto in size. 

The comparison of Jupiter to a star owesa 
lot to the fact that it is composed almost 
entirely of gas. It has a large number of 
ammonia-based clouds floating above water 
vapour, with strong east-west winds inthe 
upper atmosphere pulling these climate 
features into dark and light stripes. The 
majority ofits atmosphere, however, is made 
up of hydrogen and helium. 

The strength of Jupiter's gravity is such 
that itis held responsible for much of the 
development of nearby celestial bodies. The 
gravitational force of the gas giant is believed 
to have stunted the growth of Mars, 
consuming material that would have 
contributed to its size. Italso preventeda 
new planet forming between these two and 
instead gave rise to the asteroid belt. 

Much of our knowledge of Jupiter comes 
from seven spacecraft missions to visit the 
planet, starting with NASA’s Pioneer 10 in 
1973. The only man-made object to orbit the 
planet is the Galileo spacecraft, which 
studied the planet from 1995 until 2003, when 
it was sent crashing into Jupiter so as not to 
contaminate its moons with the debris. 
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NASA's Jupiter eyaevttcvajeteve) launched on 
its five-year journey in 2011 
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DID YOU KNOW? The Greeks and later the Romans named the gas giant ofter their most important deities — Zeus and Jupiter 


Feel aleyd(om ic=i(e! 
The magnetic field of Jupiter is 
20,000 times stronger than Earth’s, 
foreyaie-lialiave@-Malere(sMalelinlecsimeymet-lge (ste) 
particles that contribute to giant 
auroras at its north and south poles 















Moons of 
Jupiter 


ue four 
argest moons 
are known as 
the Galilean 
satellites, namec 
after their 
discoverer 
Galileo Galilei 


\Y/ (21) | [fom ayYel gore (eia| 

eM taliceReymunemy Cc\alaicemtalee e)r-lacis 
ors] aM ol=McolelaleMa\Velgele(clamerc.-Muarels 
has been compressed into a 
reatsie-)||(om-]ave Ms) (sveuta cere) |\V4 
fereyate[UCorulavemicelelca| 
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Feel avsiveelatags 
Atmosphere The tail of Jupiter’s 
The large majority of the magnetosphere (the 







atmosphere is composed of 
ay el weyel=\an-lalem ars) (ela me lm 
directly observed by the Galileo 
space probe that pierced its 
atmosphere in 1995 


influence of its magnetic 
field) stretches more 
than 1 billion kilometres 
(600 million miles) away 
from the Sun, out to the 
fol elimelmeyeitllaa) 













olecular 
hydrogen 












Callisto 


Core 
At the core of Jupiter 
is an Earth-sized 
rock, although this 
has not been directly 
fo) oss) aV(2\e B= o | mS 
almost impossible to 
see through the 
thick atmosphere 









Ring structure 
WU ateMalalemeelscicime)m-Mear-liiMmircimelace| 
and an inner cloud-like ring, known as a 
halo, with both made from small, dark 







Aurora ae ——————=—=—————_— particles kicked up by meteorites 
eee = fadiation ee hitting Jupiter’s moons 

| of=}| Mo) m= (s\eqtge) a t-e-lae| 

ions are trapped by 

Jupiter’s magnetic field, Rings 


Tala leceyaceriare mle) oli ns) aes 
rings and its 
Ue colelarellave manvecel als 


NASA’s deep-space Voyager 1 spacecraft surprised 
astronomers in 1979 when it found rings encircling 
Jupiter. The rings are only visible in sunlight 






The Great 
Red Spot 


One of Jupiter’s most iconic features is the 
Great Red Spot, astorm more than twice the 
size of Earth that has been raging for 
hundreds of years. The redness is believed to 
be the result of compounds being brought up 
from deeper inside Jupiter, which turn brown 
and red upon exposure to the Sun. Although 








once highly elliptical in shape, it has become 
squashed in recent years for unknown 
reasons and is expected to become circular 


/ 





Main 


| — Ring other the next few decades, although this 
Pye Tae anti-cyclonic storm shows no sign of dying out 
The auroras at Jupiter’s poles Jupiter’s faint ring system was the third angaiiesoon 
are bigger than Earth to be discovered in the Solar System y ; 
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Satu 


Only Jupiter is larger than this gas 
giant, best known for itsring system 


e’ve been viewing Saturn with the 
W naked eye since prehistoric times, 

lolelma atom e)tvelcimopsslersimepenleners. 
feature - its ring system —- wasn’t discovered 
until1610. Each ring contains billions of 
chunks of dust and water-ice. Saturn has 
elorelulm em ent-h (0) a enaremeuausts) (e)elsmolvimuelsjace-lac 
also satellites and other structures within 
some of the rings and gaps. Saturn’s rings are 
believed to have come from the remains of 
moons, comets or other bodies that broke up 
boum etc e)e-belcimor- ln eelessje)elcvace 

The rings aren't the only fascinating thing 

about Saturn, however. This gas giant is less 
dense than any other planet in our solar 
system and has a mostly fluid structure. It 
radiates a massive amount of energy, thought 
to be the result of slow gravitational 


Rings in view 


Saturn takes 29.5 years to orbit the Sun, and it hasan 
elliptical orbit like most planets. The closest Saturn a 
comes to the Sun is1.35 billion kilometres, while at its 
furthest, Saturnis1.5 billion kilometres away. Saturn 


has a tilt of 26.7 degrees relative to the orbital plane. 
During half ofits orbital period, the northern 
hemisphere is facing the Sun, while the southern 
hemisphere faces the Sun during the other half. 
When viewing Saturn from Earth, this impacts 
whether we can see the rings full-on or asa thin line. 
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Inside Saturn 


Saturn is believed to havea small rocky core, witha 
temperature of more than 11,000°C. It is surrounded bya layer 
of gases and water, followed by a metallic liquid hydrogen and 
a viscous layer of liquid helium and hydrogen. Near = 
the surface, the hydrogenandhelium _ 
eNO — 
Jatctspaloncye) blo msjonarslacm i 
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surrounding the 
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compression. Saturn takes about 29.5 years to 
revolvé around the Sun, and its rotation is a bit 
more complex - different probes have 
estimated different times, the latest estimate 
is ten hours, 32 minutes and 35 seconds. The 
N/cVatcluleyatsmeycoley-le)kymarshucesveyestcimeveerealenele 
with irregularities in the planet’s radio waves, 
due to the similarities between its magnetic 
axis and its rotational axis. 

Saturn has a cold atmosphere comprising 
layered clouds of both water-ice and 
ammonia-ice. It also has winds of up to 1,800 
kilometres per second. Occasionally Saturn 
has storms on its surface, similar to those of 
Jupiter. One such storm is the Great White 
Spot, a massive storm in the planet’s northern 
Jaleyanbtsjo)ats)acmeet-im et-tseercisyemelelrsvaucrenslelelels 
once every Saturnian year since 1876. 
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The northern hemisphere 
is visible with the rings 


appearing below a 


a“ 









South pole tilt 


The southern hemisphere is visible 
from Earth with the rings above 
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Saturn has an elliptical 
orbit of 2914 years 
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Extreme bulge 


Saturn is an extreme example ofan 
oblate spheroid - the difference between 
the radius of the planet at its poles and at 
its circumference is about ten per cent. 
This is due to its very short rotational 
period of just over ten hours. 
















Cassini probe : 
The first spacecraft to ever orbit Saturn, ~ 
the Cassini probe has provided incredible 
Taare le(ss-Me) maa ts) planet and its ring‘system 





Talatsl arece) g 
The inner core is likely 
very small and contains | _ & 


eran ae ~ . Float that planet 











Ifwe hada big enough pond, we could float Saturn on its surface. Although 
Saturn is thesecond-largest planet as well as the second-most massive, it’s 
the least-dense planet in our solar system. Its density is just 0.687 grams per, 
ableyonacselaten(cinacW-leleltmoye(cmicvaldet-tstelcelsreF-txelt bs jo) EValaim-belomanVomientcetsr-ts 


dense as water. « 


Anartist’s impression of 
» »Saturn’sring particles 





Cae Sal 


Saturn’s rings comprise particles 
roy im (ox=¥r-laleMelUccimd pte] mi e-lale(sMice) an) 

Peal (orgeyiexe) 0) (om ko M-{-\V(-1e-] MualelU(ct-lale| 
kilometres in diameter 
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1. Atmosphere 
Uranus’s blue colour is caused by the 

F:) ol-vo)g olucola Mey mual=miaceelnalialemieiallielnimom acre 
wavelengths by methane-ice clouds. The action 
om aeMeline-\(e)(cim—telalicelalmelemaatsManlsitar-la(> 
produces haze particles, and these hide the 
lower atmosphere, giving the planet its calm 
appearance. However, beneath this calm 
facade the planet is constantly changing with 
huge ammonia and water clouds carried 
FlcelelareRagt=Me)l-lalcim en ml ecmal(eleMuiiarem(e) om ce) 
560mph) and the planet’s rotation. Uranus 
radiates what little heat it absorbs from the Sun 
late Mar-l-¥- Mela ecier-liNVmerel(e moe) com 


Umbriel 

The darkest of the major 
moons, reflecting only 
16 per cent of light 


Ve 
Ariel 


=u The brightest and with 
* | the youngest surface of 
Se the major moons 
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JW atersvenr(claldeme)tclelslmeceleomuaccnoleler 
third-largest and fourth most massive in 
the Solar System, Uranus was the first 
planet to be discovered by telescope 


apable of containing 63 Earths inside it (it is only 14.5 times as dense, as 

it is a gas giant), Uranus is the third largestinourSolarSystem. ~* 

AN o) olcy-baberemerclbesm-balomey-iCome)ibte when imaged, Uranus has a complex 
ring system and a total of 27 moons orbiting its gaseous, cloudy main body. 
Due to its distance from the Sun the temperature atthe cloud-top layer of the 
planet drops to -214°C and because of its massive distance from Earth it 
appears incredibly dim when viewed, a factor that led to it not being 
recognised as a planet until 1781 by astronomer William Herschel. 



























atmosphere, 
cloud tops 


Core 
Made up of 
rock and ice 


2. Rings 

Uranus’s 11 rings are tilted on their side, as 
viewed from Earth, and extend from 12,500 
to 25,600km from the planet. They are widely 
ro) oye] e= itso m=l elem lalere=velle) \mar-lece)) mcecoman=yclallale 
that the system has more gap than ring. All but 
the inner and outer rings are between 1km and 
13km wide, and all are less than 15km in height. 
The rings consist of a mixture of dust particles, 
rocks and charcoal-dark pieces of carbon-rich 
material. The Kuiper Airborne Observatory 
discovered the first five of these rings in 1977. 










Inside 
Uranus 


A cross-section of 
the blue planet 


Oberon 
The first Uranian moon 
to be discovered 


Titania 
Uranus’ largest moon appears 
grey with an icy surface 


Miranda 
Features a scarred, 
piecemeal structure 
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Miranda 


The smallest and innermost of Uranus’s 
five major moons, Miranda is like no 
other moon in our Solar System 


When the Voyager 2 passed by Uranus in 1986 it not only observed the 
planet but also many ofits moons, coming close to its innermost 
Miranda ata distance of 32,000km. However, the images it recorded 
were not what were expected as on closer inspection it showed the 
satellite’s surface consisted of a series of incongruous surface features 
that seemed to have been crushed together and butted up unnaturally. 
Miranda was an ancient terrain that seemed to have been constructed 
from various smaller segments from different time periods, 
instead of forming as one distinct whole at one time. 
Scientists have theorised that this was probably caused 
by a catastrophic collision in the moon’s past that 
caused it to shatter into various pieces before then 
being reassembled in this disjointed way. 





Verona Rupes 
Found on Uranus’ moon Miranda, this cliff face is 
estimated to be ten kilometres deep, almost ten times 
the depth of the Grand Canyon. This makes it the tallest 
known cliff in the entire Solar System 


Atmosphere 

Consists of Bisea 

hydrogen, helium | 
., and other gasses 


a fiat rar ss cal 
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Mantle 


A large layer of water, 
methane and 
ammonia ices 


4. Orbit 


Uranus takes 84 Earth years to complete a single orbit around the 
Sun, through which it is permanently tilted on its side by 98° 
- a factor probably caused by a planetary-sized collision 
while it was still young. Due to its sideways tilt, each of 

the planet’s poles points to the Sun for 21 years ata 

time, meaning that while one pole receives 

continuous sunlight, the other receives 

continuous darkness. The strength of the 

sunlight that Uranus receives on its orbit is 

0.25 per cent of that which is received on 

Earth. There is a difference of 186 million 

kilometres between Uranus’s aphelion 

(ila talzsoim elelpimelam-laKe)aelimiceiiman=Bolela)) 

and perihelion (closest point on an orbit). 


3. Structure 

Uranus consists of three distinct sections, 
an atmosphere of hydrogen, helium and 
other gases, an inner layer of water, 
methane and ammonia ices, and a small 


a a 
Sizes Ot oe core consisting of rock and ice. Electric 
eo a pe currents within its icy layer are postulated 


3 
icp) 
Uranus’ diameter is a <, by astronomers to generate Uranus’s 2 
nearly five times that ‘ae EE | magnetic field, which is offset by 58.6° from z 
of Earth, with a mass ) ——* the planet’s spin axis. Its large layers of 5 
that’s equivalent to 14 gaseous hydrogen and constantly shifting é 
ise] 
=| 


ee  b —..00D”Deer 1 methane and ammonia ices account for the 
STG) Mey Seine 12,/56.3km 91,118km planet’s low mass compared to its volume. 
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_ , The'smallest and coldest Of »,. * * 
», . the four gas giants;aswellas” -: 
idalspaalelc] menlciretolmece semper ; 
'. Sun; Neptune is the windiest | 
. planetinourSolarSystem . .’ 


ver 4,5 billiqn kilometres from 
Earth and with an average a ae 
"+ temperature of -226°C, Neptune is 
the furthest planet fromtheSunandthe . 
‘coldest in our,olar System, extluding the 
dwarf planet Pluto. It isa massive 
(49,532km in diameter) sphere of ' 4 
Jayicobcoyex=a be ole) bubssem-balomen(cumet-belenet-tsp 
; formed around a small but mass-heavy 
core of rock andiice that, despite its 
similar'size and structure to its inner ‘a 
salsvecAolorelepal Opec belvtcy differs in appearance 
, dramatically, presenting its turbulent, 
oa violently windy atmosphere on its 
| surface. Find out what makes Neptune so 
unique andvolatilerighthere.. , 












5. Dark spot 
The Great Dark Spot, a gigantic, dark storm the size of Earth, 
was captured on film by the Voyager 2 spacecraft as it passed 
by Neptune in 1989. Storms of this size and magnitude are 
believed by scientists to be relatively common on this volatile, 
windy planet. However, when the Hubble Space Telescope 
tried to image the Great Dark Spot in 1996 it had disappeared. 
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1. Atmosphere “ , « 
; Despite its massive 


distance*from the Sun: —_— \ 
(the Sun is over 900 . P ; Dark carbonaceous dust 


litters Triton’s south pole 







times weaker on 
I CeyolaUlal=mecelan) oy-lasvemne) 
on Earth), Neptune is 
a Yosci mi Kel: Rexe)anle)(=)@-lare, 
active weather system . 
driven by its internal 
heat source. Clouds, 
storms.and high winds 
are common, made up 
Of the hydrogen, helium 


ew lrmton 
| ens | Learning more about 
“ice Neptune's massive moon 


Although not shown here, Néptune is actually a ring 
i a - 5 5 5 5 5 5 5 
system, and is host to a Series of six rings encircling While Neptune has 13 moons in total (four in its ring system and nine out), it 














































* the planet. The rings are made from tiny pieces of has only one major moon - Triton. Triton was the first of Neptune’s moons 
Upper yét-to-be determined materials (probably rocks, to be discovered, just 17 days after the discovery of the planet was 
atmosphere, | eign cust andl gumErOuS gases), yyhian were announced in 1846, and it is bigger than the dwarf planet Pluto. It follows a 
cloud tops gathered from nearby moons and phenomena and 







‘ ee er ee ee te circular orbit around Neptune and exhibits a synchronous rotation, 





' meaning that the same side always faces inwards. At both ofits poles 
: 3. Structure bands of nitrogen frost and snow are projected and redistributed by solar 
Neptune is very similar in size and winds over its atmosphere and into space. 
* composition to Uranus. Indeed, only, 15 per Triton is retrograde in motion, travelling in the opposite direction to 
SCRUM Neptune's spin, and this scientists believe is evidence to its captured origin 


Atmosphere contained within its shallow outer layer - with 
its main layer consisting of a mix of water, 
# “ methaneice and ammonia, and its tiny 


from elsewhere in the Solar System, rather than formation in line with its 


(hydrogen, helium, planetary centre. Geologically young, Triton is two parts rock to one part 



















OT a central core postulated to be constructed ice and has a liquid mantle core and crusty, icy, craterous surface. Atits 
- purely out of fock. As with the other gas southern pole lies a region of 
, giants, the boundaries between layers‘are dark patches caused by the 
not clearly defined and change consistently. heating of sub-surface 
- a Uz ; nitrogen ice into gas that 
lk FPS a Ss Cie 4. Orbit erupts ae mae vents 
Neptune takes 164.8.Earth years to‘orbit un ave oh ike plumes, 
the Suh and it is tilted,to its orbital plane depositing carbonaceous 
by 28.3 degrees, allowing its northern and dust over its surface. 
Mantle southern poles to face the Sun in turn. 


The planet is also 30 times further from 
the Sun than Earth and presents the solar 
system’s second most circular orbit, only 
beaten by Venus in the parity between its Animage showing Triton’s 
aphelion and perihelion distances. polar projection 


(water, ammonia, 
methane ices) 


Core 


(rock, ice) Triton’s icy, 


scarred surface 


Sizes... 


Neptune’s diameter is 
nearly five times that 
of Earth, with a mass 
that is the‘equivalent 
of 17 Earths 


-——_——_———— : 
VAT fol oRe) a8) : 49,532km 


Images courtesy of NASA 
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Surface details 


Using observations by the Hubble Space Telescope, and maps produced 
since the Eighties, it has been found that the surface of Pluto undergoes 
many large variations in brightness and colour. 

From 1994 to 2003, the southern hemisphere darkened, while the 


northern hemisphere got brighter. It has a slightly less red colour than 
Mars, with an orange cast similar to Jupiter’s moon Io. It got redder from 
2000 to 2002, and other colour variations of dark orange, charcoal black 


The elusive Planet xX that levsvestaats: an. . and white have been observed. These seasonal variations are regarded as 


being due to the orbital eccentricity and axial tilt of Pluto that are 


2): o)tehalell ah alel stil] latte Maly xX ielerees reflecting topographic features and the flux of the frozen surface of the 


planet with its rarefied atmosphere. 





he astronomer Percival Lowell predicted the existence ofa ninth 
planet in our solar system, beyond the orbit of Neptune. Lowell 
failed to find-Planet X, but Clyde Tombaugh - using the Lowell 
Observatory in Arizona - confirmed his calculations. Shortly after 
Planet X's discovery back in January 1930 it was named Pluto. In 
1978, it was determined that Lowell's theory based on the mass 
of Pluto and its effects on Uranus and Neptune were 
incorrect. Tombaugh’s discovery was just a coincidence. 
~The dwarf planet Pluto takes a leisurely 248 years to 
orbit the Sun. Its highly elliptical orbit takesittoa - 
maximum of 7.4 billion kilometres from the sun to as 
close as 4.5 billion kilometres. Twice in this orbitit — 
is actually closer to the Sun than Neptune, as was 
the case from January 1979 to February 1999. 
INiGdetexoydetcvqe)tve(cliskovdeyimeyenae(yo)l-velcKeyi 
idel-xcvel bho) elem o)bim sohblnekcne)ae)imice-lm-0el 
inclination of17 degrees to this plane. Pluto 
is also unusual because it rotates at an 
angle of 122 degrees to its own axis, ina 
ed Corel Carvatsronen basco (0) oem Mebicpacunaessacs lols 
































Core 

This is about 1,700 kilometres in. , 
diameter. It is mainly composed 
of iron-nickel alloy and rock. At 
its centre might be hot 
radioactive material or ice 


Mantle 1 © 


Composed of rock 
and water ice 


be 


motion means it is spinning inan 
opposite direction to its counter- | 
ol Corel Caniatsrene)ae)im-baelevelemmelcnoloeee 
Previously, only daopwivlole)tomeyey- (a= 
Telescope had obtained grainy pictures 
ofits surface, and it wasn’t until the | 
arrival ofthe New Horizonsspacecraftin 
2015 thatwe found out much more about \ 
id abiseee)lom-DalRentsir-Nelmolelenya 


Surface 
Arocky surface covered by frozen nitrogen, 
aat=idatslarewelalemerslaelelamancelacey.<(e( 


— = 


~ Mant 2 


If Pluto has FW ale) a e-[e|(er- (ei) - Kove) gM then fhere 


~=. 
could be a 180-kilometre thick liquid water a ‘ . ~ —— ~~ 
ocean between the'€ore and the outer mantle a a ee ge nate 
2S. ae <A ic ape -_ 
“ es} — = 












0 fc now little about t e composition = . 
~ Pluto. Ice beneath Pluto’ S SUI ace might cause i 
- movement and changes on the s urfa inthe — a 
LEG =1 ir E © DK Images " s- 
- = f . : > az = = 
~ ~— Ss B . “ oe : i a 
oe 2 a | 
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DID YOU KNOW? Out of 1,000 names suggested for Planet X, three were shortlisted: Minerva, Cronus and Pluto 


The Statistics | Atmosphere eee What is 


Titan, Saturn's largest moon 


134340 Pluto When Pluto’s elongated orbit takes it relatively 
close to the Sun, the frozen nitrogen, methane 
and carbon monoxide on its surface sublimates 
into a tenuous gaseous form. This creates winds 
FDao mel (ole(elspmolvimmelcanccrsicqcsec\isle-laleyet-UBlecacne)i 
Pluto means that it can escape into space and 
interact with its moon, Charon. 

In the process of sublimation an anti- 
greenhouse effect is created, which lowers the 
Diameter: 2,320km temperature of Pluto to -230°C against the 
Mass: 1.3 x 10” kg ° . 1s 

. expected -220°C, which is the temperattre of 
Density: 2 grams per cubic 
Charon. In the lower atmosphere, a 


a planet? 


Pluto’s status as a planet was 
safe until the Nineties. This 
was when huge ‘hot Jupiter’ 
extra-solar planets were 
discovered, and objects were 
observed beyond the orbit of 
Neptune that rivalled the size 
of Pluto. Faced with the 
dilemma of defining a planet 
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centimetre the International Astronomical 
Average surface _ concentration of methane creates a temperature Union (IAU) decided that it 
temperature: inversion that makes the upper atmosphere must be spherical, that it orbits 
230 C or 382 F 44K) warmer by three to 15 degrees every kilometre ; 
Se upwards. On average, the upper atmosphere is net eaa) mis 
Average distance from the P BE, PP P planetary neighbours. 
Sun: 5,913,520,000 km 50°C warmer than the surface of Pluto. Consequently, the [AU 
(39.5 AU) ‘ When Pluto’s orbit takes it away from the . reclassified Pluto asa dwarf 
Gein gravity: 0.067 un, the gaseous atmapsphere freezes and falls < planet on the 24 August 2006. 
Moons: 3 to the Surface. © 

® ie j . Animage of Pluto, 


AVA on Gv atsbaeyemratsiie) (=) 


Cha ron. . to the bottom-left 


Plufo’s closest moonis Charon, which was discovered in 1978. It 
is 19,640 kilometres from Pluto, so from Earth they look like one 
. planet. Charon has the same 6.4 day rate of rotation as Pluto so 

! they always present the same face to each other. On Pluto, the 
it surface facing Charon*has more methane ice than the opposite 

face, AiVdabCelaW otctopestoyeckervacrevemanteyaley.ee(-¥-valobanlaceyy-venle-y 
Charon has a diameter of1,210 kilometres, and hasa grey 

* . surface witha bluer hue than Pluto. This indicates the surface 
could be covered in-water ice rather than nitrogen ice. It is also 
" . speculated that methane has leaked from the grasp ofits weak 
gfavity to Pluto. re * 





Plutoids 


Plutoids, as defined by the IAU, 
are dwarf planets that orbit the 
Sun beyond Neptune, are 
round, have not cleared the 
neighbourhood of other similar 
bodies, and are not satellites of 
another planetary body. There 
could be at least 70 trans- 
Neptunian objects (TNOs) that 
might be plutoids. 

So far only a few have been 

| found and named. Besides 

Pluto, Makemake, Haumea and 
Eris have been classified as 
plutoids. Mike Brown and his 
Caltech team at the Palomar 
Observatory discovered them 
allin 2005. Eris is virtually the 
same size as Pluto and might 
have been regarded asa planet 
before the new classification 
system came into effect. 


P Newsbeat) 
impression ofthe | 
New Horizons craft 






| er ‘Earth diameter: 
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atite diameter: 
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ii i : r 
‘ Our greatest chance of finding life is 
possibly on this moon of Jupiter 
ne of Jupiter's four largest moons - the others being Io, ~ P 
Ganymede and Callisto - Europa is notable for its icy surface 
with a theorised ocean underneath. The moons all keep the 
a, same face towards Jupiter as they orbit. The layer oficethat, , 
encapsulates Europa’s entire surface is as little as 5-100 miles thick. , 
,  Ithas one ofthe smoothest surfaces in the solarsystem, with its A 
' features such as valleys and hills no larger or deeper than a few ay 
' hundred metres. This suggests it is young and still actively . 7 


E at 


forming like Earth. é : ae “ y 
i |W Cofsimoyis 100 ce) oy-Bicpantele(cne)maelelcen-Vinelelerede@lecnue)ccwetsloe-tevaels A 
# ironcontent. Gravitational forces from Jupiter and its other’ ¥ 
three largest moons have given Europa a hot interiorina 
process known as tidal heating, similar to how tides are - 
a created on Earth as our moon stretches and pulls the. . 
oceans. Europa has avery thin atmosphere made of just " 
' oxygen created by particles emitted fromtheradiationof 
Jupiter striking the surface and producing watervapour. ,: / 
Due to there being almost no atmosphere on Europa, 
i YJ obCeloMespalelmaslocelencjeat-VOls)maet-demelepa@esleleyemmaels 
temperature on the surface drops to -162°C at the equator 
and possibly as low as -220°C at the poles. Absolute zero is 
not much colder at -273.15°C. A few miles down into 
Europa’s ocean, the temperature could still be as cold 
as -30°C or as high as 0°C, meaning that any life would 
» have to adapt to these freezing temperatures. . 
The large amount of radiation Jupiter exerts can 
severely damage any probe attempting to reach 
Europa. One of the only missions to studythemoon 
was the Galileo space probe, named after the 
astronomer Galileo who discovered Jupiter’sfour * 
largest moons in one week in 1610.It journeyed ° 
between Jupiter and its moons from 1995 to 2003, 





i, = 
—. 





p providing much of theinformationweknowabout © * »* | 
: a | 
» , Europatoday. — | : : | dé 
a 
i 7 i F * 
a ; i a 
This picture, taken by the Cassini , ‘. 
: spacecraft, shows Europacasting * : 


,a shadow on Jupiter . 






the core 





Composition: . 
The core of Europa is made 2 et be 5 
of metal, specifically iron a 
Tale ma) (e4.<s)| a. _ 5 : 
4 ® + ao 
* 7 i F Ls . * 4. i . 
1 ‘ i. 1 + mT a “ B i | - 
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DID YOU KNOW? The Galileo probe, which studied Europa, was sent crashing into Jupiter so it didn't contaminate nearby moons 


Lif E , BS Boy hey Meee Visible cracks suggest 
ife on Europa Ree eS sc 
KN RA ee =~ - _ pthesurface 
The lack of impact craters on the surface of Europa but the AA As Rs 7 et. 
presence of fissures and cracks means that something other than Wh eee ra ocak at 
meteorites must be fracturing and altering the ice. This has led 
scientists to believe there is an ocean of water beneath the icy 
surface of Europa. It is in this ocean where life could reside. 
Previously, it was thought animals required sunlight to live, but 
the discovery of creatures living off small bacteria at the bottom of 
Earth's oceans have raised the possibility that animals as large as 
fish could be living below Europa’s surface. There are two 
main theories as to how Europa’s ocean could look, 
shown in the ‘Under the surface’ boxout. 


een Under the surface 
» thick, has features that 


‘ co oe , | The two theories of Europa’ S structure: 
| Thin ice sheet. 


Chaos 


What appear to 


| oy=M(ox=W 0] (olor <0) 0 


the surface of 
‘Europa, known 


‘| 
Vapour 
In this theory, 
the ice on the 


’ © surface cracks 


late Mnat-\Va(simelels 


as “chaos”, may é- = a “y 5 =i cae alt 17 a. —s ; = 4 water VE-) ele) g 

be the result of =. | Ri ee as it is heated 

Ocean heatingunder 7 from below: 

Water in liquid theice = 
or ice form is 
fed heat by the 
rock, and may 7 
harbour life ae 

4 Volcanoes 

Rising heat The bed of the 

The heat rises ocean may 

Wyo an lcolerelamaal=) contain 

oxygenated + volcanoes, which 


water, in which . spurt out hot gas 
organisms | ‘ ws | from the core of 
could live . the moon 
s | L a, 
- ] 


os & « i 
| Thick ice } 
ick ice Sheet 
Earth-like rock — - ; 
A shell of rock : . " . 
surrounds the core, Tides — = Jupiter 
much like on Earth Additional heat : Europa’s ecliptic 
is created by orbit of Jupiter 
tidal heating, could be the 
which forces the | === = ma cause of tidal 
lower layer of ice aT ee SB | Te ee =. heating inits core, 
intothe surface [oe | oe | a ae ——— moving the ocean 
. ae / up and down and 
thus releasing 
water vapour 


Europa’s diameter is ye ee | | =f 
Ke (Urelatame)matslanaks iat <p ee - —~ Moving 
with a mass equal to - : ey hi i sgt ¥ oe ae » This heat could 
0.008 of Earth's i 4 ee SP ne Oe) =) : move the lower 
¥ = a, LG ’ If the ice shell is . | : ice layer like a 

very thick, heat tectonic plate and 

from the core be the cause of 

will transfer to the lines on 

this lower Europa’s surface, 

rexelauceya Mey m ants) : rather than simply 

» icy surface : AV(o) {ore ]al Com aleve ls 


———s a ET 
3,122km 756. “ 











ith.a thick atmosphere teeming with. 
(oy gekeb en Comore) sel oreleperelse-beemcir-te) (= 
liquids on its surface, many believe 





that Titan is among the most likely locations for ~ 


life. We know that sunlight destroys methane so 
something-must be replacing Titan’s 
mart 00L6)sJ0) ol=) Oconee) elc-volomeceleblomaebtcmol-x-Nel 


extraterrestrial life form? = — 


Of the 62 different moons that orbit Saturn, 


none possess the same potential romeletcbatex-a ers 


way we see our universe as Titan. Labelled by 
some as the most mysterious object in our Solar 
System, this moon is the largest orbiting Saturn 


and is the second largest overall; beaten only by i 


Jupiter’s moon Ganymede. ~ _ 

The surface of Titan shares many similarities 
_ -with Earth. It has lakes, seas;rivers, shorelines 
EWaXe mented el tbatolsmuMel-Keoyetebanet-naeyeMeymbre [vice noyel 
Titan's surface was a hugely significant finding. 
However, this surface liquidis not water, itis 
methane, one of many hydrocarbons that reside 
on this moon. It is also thought that a : 
hydrological cycle is present, which revolves _ 


around methane and its conversion from liquid - - 


to gas and back again. This Earth-like climate 










Titan’s liquid abundance 
Titan is the only other world in our Solar 
System where stable liquids can be found 
on its surface. Moreover, it has its own 
lane | xe) coke] (or=] enYcer (=¥anl arel(6le ll ale Mc]. cascMm aici ass 
and possibly even rain. 


system reinforces Titan’s status as the most 
similar planetary body to our planet. 
The majority of our knowledge of Titan can be 


‘credited to the Cassini-Huygens mission. The 


Cassini spacecraft was launched in 1997, tasked 


‘with the examination of Saturn and its 
Bibbs celoneobbatcmabatctse-belemenleleyatsmmorepepiojercvomivaiael 
“the Huygens probe, Cassini reached Saturn 


seven years later, and began its observations of 


_ this distant part of the Solar System. On 14 


January 2005 the Huygens probe parachuted 
down through Titan’s thick, orange haze of an 
relma sloysye) eleyqcwer-aComelccercbenlcma elsmabacimele)(-1e mint. balel 
in the outer Solar System. 

Many experts argue that the key to life is 
liquid, as we know the chemical processes 
required for life need a liquid medium. On Earth 
we know this liquid is water, but on Titan it 
could well be methane. NASA is planning future 
missions to Titan in the hope of delving deeper 
into the mysteries of this unusual planetary 
body. In the coming decades, they hope to reveal 
the first signs of life on Titan, using the latest 
investigative space technology to explore its 
TuaKeyatsim cole tHc-t-Towes Dale macst-yAuetem E-Wateksvers] o\-¥ 











Is there life among 
id elsXeletsle)n (en 
eshaeleamesinae| 
chemistry 
ice-cold world? 
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Of 0) =) 
The core is thought to 
comprise of silicate rock, 
and possess a radius in the 
range of 2,000 kilometres 
CR aali(=1)) 








Organic-rich surface 
sXoluamaarswe1unatess)e)a\slasw-lare| 
surface of Titan are rich 
with organics, including 
(ore) ga) ©) (=) @a\ye| celer-] dele) aioe 
Methane rain may form an 
icy crust on the surface 










Ten things 
























Titan’s atmospheric 









s = > : 
profile 
 . __‘_ The Huygens Atmospheric 
»? * ed 
ve =. Structure Instrument 


(HASI) was able to perform 

id elswabecimonbaclels 
measurements of Titan's 
atmosphere. It determined 
the Pisatejeetvate pressure, 
temperature and density, 
from 1,400 kilometres (870 - 
miles) above the surface. 


Mysterious methane 


to unearth thesource of methane 
(oa Dies bame) a elen@imlspasje)(-veetsvelclem 
it did confirmits presence 
bothin the atmosphere eb ele move’ 
the surface. . 






High-pressure 
ice shell 

This layer of ice is 
believed to be under 
huge pressures unlike 
the ice on Earth, causing 
tetragonal crystals to 
form within its structure 


Origins of nitrogen 
atmosphere 
Prior to Huygens, the Voyager 

mission data had implied 
that Titan’s atmosphere 
contained nitrogen. Huygens 


Subsurface ocean 
Scientists believe that 
between the two ice 
sheets lies a liquid 
ocean, allowing Titan to 
rore) au e= (el mre] ale mere)anle)astois 
(o[U la lave Mieco) e)ime)msy-l 00) © 


suggesting that it originated 
jaqoyermcbecbeetevautcMeyar-veloluet-ye 








Titan’s haze 
Huygens showed that 
sec boucmoye-seliccumoymeyesbsrecs 
haze.extended all the way 
down to the moon’s 
surface. It also revealed the 
SSvAcw- bale me) ola (ersme)ae)elsvaelers 
of Titan’s haze particles. 





Outer shell , ; ae 
The separate outer shell is Tiny aerosols . 
thought to consist of ; The Huygens probe performed ~ 


clathrate, a type of ice that 


forms ina lattice stream detailed analysis of the aerosols in Titan’s 


EYueslelsyolalcva-Mmohimalccclubeteamol-yos@bol-bekenu-vor-vate! 
identifying the gases released. Bothammonia 
and hydrogen cyanide were detected. 





from the Huygens probe 


descent to Titan’s surface, 
wind measurements were 
taken. At altitudes greater 
than 45 kilometres (28 
miles), wind speeds were 
far greater than the 
-‘moon’s rotational 
speed, confirming the 
predicted superrotation 
of its atmosphere. 


Although Huygens was unable - 


was able to prove this, itsdata - 





nitrogen-containing compound. 





e’ve learned 











Cryovolcanism 

Huygens detected argon-4o, which originates 
from a potassium isotope found in rocks. This is 
a strong indication of geological activity, 
potentially in the form of cryovolcanoes, which 
erupt volatile liquids rather than molten lava. 


tr j ey 


Dryriver - —— 
beds 
Adefinite highlight jus 
of Huygens’ work 
- was the capture of 
- several hundred 
images of Titan’s. 
surface. Dry 
riverbeds andlakes 
were pictured for 
the first time, 
alongside highland 
terrain and 
do) b aKolre mae) ole) (cm 














7 Distinctive dunes 


Evidence of subsurface ocean Sa ' | : 
Although the probe didn’t detect any lightning;anunusual . ‘“w Initially, scientists struggled to locate Huygens’ 
source of electrical excitation within the moon’s atmosphere landing site using images from the Cassini orbiter. This was 
was identified. Scientists believe this could be attributedtoa due to the presence of vast dunes, thought to be composed of 


conductive, subsurface ocean, deep beneath Titan's surface. | sand-sized hydrocarbons. 
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Future space 
tech on Titan 


The autonomous technology that NASA 
hopes will solve many of Titan’s mysteries 


Drones and motherships 


The Titan Aerial Daughtercraft has been put forward 
by the NASA Innovative Advanced Concepts (NIAC) 
fo) cele] a-lanlancsmuuliamealcwel(aame)mcy-)arellarem-mciaarell 
(e[Ura\e (exe) 0) k=) are | ge) al-mno mm Mii-]a Pare] (e)arefs(¢(=m-M paleluatzacial| on 
The drone would operate above the moon’s surface, 
Felalel[aveme)amual=We]qelelavem nom] (-Mct-]a0]e)(stomNalclemacle [eli colep 
VAdatelamual=Melge)al-womesa-]ge[-malalcwel0) mmimm\10)0] (6M oloi-]0) (one) ITN Ee) motel ttl aa) 
ged 0 dam omdalswanleldal=) acini] OMmMiMlaomimexel0] (eM a=\olat-]ae[=¥-lale| 
ldatclamecelaldal0(omincm gal icssj(e) an 

Unlike the Mars rovers, the drone would be 
designed to work autonomously. It would be left to 
gather research for days at a time, before returning its 
data to Earth via the mothership. As it stands there is 
no set date for such a mission to Titan, however the 
interest that has been sparked by the Huygens probe 
will no doubt encourage this mission to materialise. 


From the side of Titan’s 
surface that constantly 
faces the ringed planet, 
Saturn would just be 
visible through the thick 
reVAYAr= 1¥paless)e)alola= 


— = 
=_—-— a ————— al 
——— + - ~~ _-— 
; al , so — ' = 
a, ' ah — 
— , a ‘ ; : = 
a, ea? : fi — 
a i 





DY geyat=malrelals 

The drone is likely to weigh 
less than ten kilograms (22 
rexelU late ks) mr-lale MYVIIM els) 

(ora) oy-] 8) (=e) im te] dlale 
high-resolution pictures 
Val | om emer) | (2\o1 soMcy-] pa) e) (ots 


Yor (sval alates Taieeli(recslaimerssyieln 
Tatcieaelaa(s ales Ni darelele|amaat-Milatelme(sst(e)ants 
The submarine will be still to be confirmed, the 
equipped with an array of submarine is likely to have 
scientific instruments, a light, enabling it to see 

Peli ConvValale MimmkeM=).¢-lpnliaicmual= clearly underwater 


(ol niet eal (or-]mexe)anl eleys)ia(e)ane) i 
Titan’s seas, and to check 


for signs of life « 
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| DT veyat=Merst-lgeliale| 
When low on power, the 
(ogo) al=mexe)e] (om-|01Ke)pat-la (ere) |hV4 
_ return to the mothership to 
recharge, before starting 
\\ , ( re] ale lu als) aeci=1 m0) mect<] an] 8) (25) 





Surface samples 
(OyateMe)mual=Melce)a(=aom o)alanl-lay) | 
fo) 0) (=Le1 AVA 1(0) 6] (0 ol=M ne) 


collect surface samples, 
Takes (6leliavemsxe)im-lavemi (eel re! 


Submarine mission 


The Kraken Mare is the largest known sea on Titan. 
Vor[=) al ioiecw=] ao ales) qoso} nove Ml am=>.40) (e/a lace mualicmelt-laimi(elel(e| 
mass, which is over 1,000 kilometres (621 miles) wide, 
and is thought to be roughly 300 metres (984 feet) 

(o (=\=) oom Hao 7 \ Om al- lo ©) a0) olessi-1e Wr-]a mel Ul ce)ale)aa rele ls 

10] 0) nate] al al=Mmudalcoramexe)0](emct=t-] ae pdal=W a\Y.e| qelers] dele) a Bsi=y- 1s) 
Val | (eure Ie] ae) al omcxor-] arom ual=Wl-]ale mr] ole))(-eam Maem ©) dl aat-]avar-liag 
ViV(o10] (eM ol=mnoMcine[e\Vmual=Mc=t- bow |(e[U](e Mexe)nn) efes-)14 (0) amor (ess1-) \VA 
to find out exactly what it is made of. Furthermore, 

1 a{oMcje] 0) gate] al arsmuele] (emcvst-] cel nie) mile] aicmeyim ©) t-]al mela 
Inal(erge)e)t-] MILk=MAuial cova mexel0] (em ol-ml0la:dlaleme(=1-) 0m ol=laisy-1upmaal= 
liquid’s surface. This data would then be transmitted 
oye (1, @ KOM ate] dp MVAt--W aalelual=)acial] ome)alersMaa(oeol0le)aat-lalal= 
returned to the surface. 








Could we survive on Titan? 


t’s fair to say that Titan is one of the most 

Earth-like worlds we've visited, which raises 

the question of whether humans could 
(ko) Koen ts(-p Lea Mal=dace- Dace: Belo peslel=) meymelelcicile)(= 
JoX=yel=yainspm oleyelcme)Muiseblelemsbacwesact-licy must bemeels 
potential use of Titan’s natural resources. In 
fact, data from Cassini suggests that Titan has 
more liquid hydrocarbons than all the known 
natural gas and oil resources on Earth. 

If there is a large volume of water trapped 
beneath this moon’s surface, it could be used to 





i 
e) r > 
7 Yo ye 


~ GRAVITY 
(in metres per 
oY =Toxe) ale mye [ Ue] a=vep) 











Jalcvalrstoim qeyeleveatcyacecicren ae) amleye 
extraterrestrial life in the Solar 
System, they focus on one area 
in particular. This area is known as the 

ub qerbbaetsincytcbalet-loyurcle)(emAevel-manuen(@emicnmeals 
small region around the Sun in which 
liquid water can exist. 

But what if life could exist without 
water? This thought inspired scientists to 
create a cellular structure based on 
methane, which has a much lower 
freezing point than water and is abundant 
on Titan. They named their conceptual 
structure the ‘azotosome’. 





~ SURFACE PRESSURE 
(in atmospheres) 


Engineering a 
template for life 


See the cellular design that could 
id aD@KY(-D len Mel=wetsbacvemee)eroniuleatcneem birslel 


Cells on Earth all comprise ofa 
19) aXoysy oJ elopbyoycomeyee-niccvepestcveclove-velcmauisedlelel 
houses the insides of every cell known to 
us. This water-based structure would not 
JoXew-Vo)(cmnopavnelem(o)emesem Wir. bemmoleCcnnonmel= 
extreme temperatures. The azotosome is 
made up of carbon, nitrogen and 
hydrogen, all of which exist inthe seas 
of Titan. The next step for these pioneering 
chemical engineers and astronomers is 
to show how these cells would function 
Vaid obbeus Bin-bemcwoalsimatsbalsmovenianaeyeneels)alm 
shay oy- ban eve t-Der ele ivanelcyymsentcdelmacyeyaeronu(ac 
and metabolise. 


generate breathable oxygen. Furthermore, by 
combining Titan’s water and methane, it would 
be possible to create rocket fuel that could be 
used as a power supply. While nitrogen, 
methane and ammonia - all thought to be 
present on Saturn’s largest moon - could be 
used to produce fertiliser to help grow food. 
There are a number of issues that humans on 
Titan would face. The extreme temperatures 
mean that we would need large heat generators 
and insulation units just to stop ourselves from 





TEMPERATURE 





The azotosome is designed to 
be hollow, similar in size to 
some of the viruses we 
reValorol]nik=) me) am =t-]aual 


freezing. The effects of living in lower gravity 
might also cause long-term issues; studies are 
currently being conducted to examine this. 

In spite of that, Titan may still be a better 
choice than Mars. It already has a dense, 
protective atmosphere; Mars will require 
extensive terraforming before an atmosphere 
of any kind can be created. Mars also lacks 
natural resources, and unlike Titan, does not 
loYeyalcvulmaqeyenm- vow belonelacromset-beaelclnelsjo)elsvacmne 
deflect the harmful solar winds. 





LENGTH OF DAY 
(Ta tea ta mete) 


“DISTANCE FROM SUN 
CTameatiiicelam.dicelantsing=s)) 
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other celestial 


hen isa planet nota planet? Well, it’s not 
W as simple as you might think. Defininga 

Evetrmbeltoh-Bol-van(bll-baeclncleyara cout 
easy, with the debate continuing to rage as to how 
exactly planets should be classified. According to 
the International Astronomical Union (IAU), dwarf 
Jo) Dalcunce-baces) e)elcyalecb mele) (-caecpeeneaeyim-baelveevonnels 
‘Sun that are not moons, but they share their orbits 
with other debris which they have not been able to 
clear. It was the latter point that let Pluto down back 
in 2006, as it has other bodies within its orbit that it 
has not gathered. In addition, many bodies were 
discovered that were larger than Pluto, suchas Eris, 
ultimately leading to its reclassification. 

Daesjbea}e)(cnesvecctswe-Meiniccbeme)tcbelcime-beuel-Baser-Daelctel 
as aspherical object in our solar system exhibiting 
eUNMoy acre) eelemoyan elem o)ae)elcyaulcrnee-mo)t-belclemelelml.(elvenets 
the necessary gravitational strength to have pulled 
other local objects into its influence. 

There are currently five recognised dwarf 
planets in our solar system - these being Pluto, Eris, 
Makemake, Haumea and Ceres —- but dozens more 
in the Kuiper belt, a disc-shaped region beyond 
INC=}o)abbel=we- Deve muelsM@levamellolu(ce-imuelsmelbincymclelycnejmnels 








5+ Venus 
(9 }<—— Earth 
» +>—\ Mars 


Stats 
Earth 


Diameter: 
12,742km (7,418mi) 


Distance from Sun: 
150 million kilometres 
(93 million miles) 





Orbital period: 1 year 
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What is a dwarf jo) Velaimenare! 


JaXeyTivatcpimentsiauercabntsjalsvemaceye| 
odies? 


y do the dwarf planets size up to Earth? 








Size 





Ceres has a diameter of 942km 
(585mi), which is just over one 
quarter the size of our moon 





solar system, are being considered 
as candidates. 

SM el-Bini(cxeyialert-¥monuycbeme)t-belcins 
and their unofficial brothers 
vary drastically in 
oxo} demexeyenhelesssialoyen-bare! 
appearance, just as the main 
eight planets ofthe solar 
system do. Pluto is the only 
one of the five’ known to have 
its own moon - Charon, while 
Ja tspisud el=nee) iol=simeyadelsmelenelesl 
(and, indeed, the coldest 
Ka atoyiivseke)e)(sremeeusetcucye)t-ve 
system), with its surface 
temperature reaching as lowas 
-250 degrees Celsius (-418 degrees 
Fahrenheit). Also of note is the dwarf 
planet Ceres, once regarded asa large 
spherical asteroid but recently promoted. 
Despite being the smallest dwarf planet, itis 
the largest object in the asteroid belt between 
Mars and Jupiter where it resides, accounting for 
about a quarter of the entire belt’s mass. 


It is estimated that Ceres’ $ 
100km (60mi)-thick mantle sues 
contains up to 200 million 
cubic kilometres (48 million |) 


cubic miles) of water-ice - 
one-seventh of the total 
volume of water onEarth =| 


OR IPANSN 


Stats 
Haumea 


Diameter: 
1,436km (892mi) 


Jupiter 
Saturn 
Uranus 


Distance from Sun: 
6.5 billion kilometres 
(4 billion miles) 


Orbital period: 283 years 


CO Neptune 





Stats 
Pluto 
Diameter: 
2,306km (1,433mi) ¢ 
Distance from Sun: 


5.9 billion kilometres 
(3.7 billion miles) 


Ceres 


Diameter: 
942km (585mi) 


Distance from Sun: 
414 million kilometres 
(275 million miles) 


Orbital period: 248 years 


Orbital period: 4.6 years 











DID YOU KNOW? In December 2omi the first planet smaller than Earth — Kepler-2o0e — was found outside the solar system 


o 


on within the smallest 
in our solar system?» | . " 


: Surface 

Ceres’ surface bears marks of 
previous meteorite impacts 
and, despite having only a 

= thin atmosphere, its surface 

~ temperature is about -38°C (-36°F) 
due to it being relatively near to 
the Sun, almost three times 
Earth’s distance from the Sun 


What's ul 
dwarf plane 


Fz 


7" oe 
Artie. " in Pe 
CGD ADE: LF 
PIE a Je 
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Ceres has a solid rocky core. It 

is thought that it may once 
_ have had a hot and molten core 

like that of Earth, but its small 

size means it is unlikely that 

volatile material is still present , 
) due toits highrate ofheatloss &- 


os — 


CY en 


Stat 
Makemake 


Diameter: 
1,500km (932mi) s 


Distance from Sun: 
6.9 billion kilometres 
(4.3 billion miles) rl 


Orbital period: 310 years 





Stats 


Eris 
) Diameter: 
2,326km (1,445mi) 


Distance from Sun: 
10.1 billion kilometres 


(6.3 billion miles) ' : oe 
NASA’s Dawn spacecraft was the first to visita 


dwarf planet, arriving at Ceres in 2015 ¢ 


Orbital period: 557 years 
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~ WHAT.TYPE OF 


PLANET ARE YOU? 


- Are youa terrestrial planet, a gas giant ora 


RohVchame)tcbelma@laceeslcisebeereas)icta stellen! a 


- _ go at our flowchart below to find out... 


YOU ARE... 
A MOON 
You area natural 
satellite that orbits a 
planet/dwarf planet. 
S(olebeavtedaimelonaelcxey evar 
moon or you may be 
one of many. You were 

pulled into orbit 
during the planet's 
formation and are 
erably smaller 
‘host. Clingy. 













a 





YOU ARE... 
A TERRESTRIAL 
PLANET 
You could be one of the 
rocky planets Mars, 
Earth, Venus or 
Mercury. You havea 
molten iron core and 
anatmosphere.On _ 
Venus, the climate is 









YOU ARE... 
A GAS GIANT 
You may be Jupiter, 
Saturn, Uranus or 
Neptune, the giants 
composed mostly of 
gas. You've cleared 
away all objects in 
yourvicinity and exert | 
an influence on 
everything around you 
ue to your extremely 
é owerful. 





















o 


START 


ARE YOU IN 












ARE YOU 
SPHERICAL? 













L 


AVE YOU | 
CLEARED YOUR 
HBOURHOOD? 


















ARE YOU MOSTLY ) 


a, 
iV 
f 


| hd | 


ADE OF ROCK? 






















a 





YOU ARE... 
AN EXTRASOLAR 
a Ao 
You are not from our 
solar system, and yet 
to be properly 

classified. You could 
be asuper-Earth, or 
maybe you're made 
entirely of diamond. 
 \\Co) ofere na cantenispayolvll 

j ve to wait to be 


YOU ARE... 
AN ASTEROID 
You area prolific 

potato-shaped rocky 
object. You're probably 

located in either the 
asteroid belt between 

Jupiter and Mars or the 

Kuiper belt beyond 
Uranus, where more 
than 90 per cent of 
_ your kind live. 


YOU ARE... 
A COMET 
You're an irregular 
J etavelepants(e (span ociuiyaei 
ice, which melts and 
forms a dust tail. You 
havea separate tail 
composed of gas that 

always flows away 
from the Sun 
regardless of which 
direction youare 


YOU ARE... 
A DWARF PLANET 
You're bigger than an 
asteroid and spherical 
but generally smaller 
than a ‘proper’ planet. 
Soles Co numegee 
anything but the Sun, 
however, you haven't 
ssetcDarctcrom cone (cre) ar- 00 
(oer VKe (loyett(eeimetciens 





—J SOLAR SYSTEM 


Auroras on 
other planets 


Find out what causes these magnificent light shows on the 
other planets in our Solar System’ ! 


coronal mass ejections, which release huge 
amounts of plasma. 

When these intense solar winds reach 
Earth, some of the ionised particles get trapped 
in the magnetic field. These particles are then 
accelerated along the field lines toward the 
poles where they can enter the upper 
atmosphere, colliding with gas partieles 
id oLcLmeccLOtommal-Jeomnon-vesDimoyarcdelm bred elm Wades 





process creates the mesmerising aurora 

borealis and aurora australis, morecommonly 

Keateyiigemstonds(cmelojanelsyaembtcdolace-balommetcecreleimelsae! 

lights respectively. 

(O}eM leheyiccyemer-inbegernesesbeletce-belom\(syelmebelcp 

"auroras form ina similar manner to Howthey” 

form on Earth. However, on Marsand Venus they =~ "=== 

form very differently, as neither of these planets 

possess.a.significant magnetic field. 


or Many years, the auroras seen on our 
planet were thought to be the souls of the 
deadmoving to the afterlife. An aurora on 
Earth is actually caused by the Sun and can be 
id alo) bed ol meyirs boxe | form of space weather. Solar winds 
Jobim or-VadeMnsidemenecdauhyaclet-bact-romor-bau (els smmoleimelene 
Jo) EDalejmtsm enk- tes olcya epee) (omel=yi (cre mcmeelessimoymaelsvenl 
pelore they reach the atmosphere. Every so 
n these winds are boosted by solar flares or 








NASA’s Mars Atmosphere and Volatile | ae 
SAVZo) UiafolaM Q\VP-\A stn DSi eseler-Yoig-]imme) o-1aVz are] ante 
the ‘Christmas Lights Aurora’ on Mars 





a '{olu mor-] ales (=t-]d \yacia\-mealomellaiclaclalercmial 
the magnetospheres of Venus (top) 
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and Mars (bottom) compared to Earth Qe 
q : 
Venus Mars 
oy] aali tela kem \V/t- lectin (s)aleicmelelssomalele feeysss| 0) (=e [U(=mReMA=lal UM are \Vulalenre) On Mars, auroras appear near areas 1uatom [fe] almms)anlists (ela lomexe) da =ts) efe)ale(ste| 
possess its own planetary magnetic magnetotail, which was formed by fo) aarele|alcinisxovem corer @UUidaliameals with the location of the strongest 
1i(=)(e Mm o)U | mi t-lsia(=soMe) mile] simu age)aamual= Key areys}°) als)a=mr-] are msse) lel mnVlare! planet’s crust rather than near the Inarele]atciucomi(=)(eKcmcelllaveme)am\Vt-l acme lam is 
fo) tel aleiam ate Vom eXa\e)ame(s)al li (sve mobs Talesie-(e1d(e)a Mam a(o¥ r-\e1 ma dat-| mm par-le|alciule poles, when charged solar particles thought these anomalies are the last 
auroras. Scientists have found that aexexe) alal=\oau(e)amer-]ameleciel mayYiualia concentrate toward them. This is traces of Mars’s planetary magnetic 
the same process that causes Venus’ magnetotail suggests auroras because it lacks a self-generated 1i(=)(e MAU al (ora Mime |is)e)t-\V(ole io] me) pale 
10] ge) gcse) am ote lala mere] amie)aaam-Me|(er-laliie are the cause of the light that magnetic field, possessing only time in its history. This type of 
iaate\e/a(-)d(om olUle)e)(-i-]ce)0|arem\(clal lice scientists have observed emitting wera Ul} -] Maat-\e] asia (om-]are) patel |(otie 10] qe) e-Mce)aaat-14(e)amicmeele-liNmelalie[e(omne) . 


allowing auroras to occur. This is 


lice)pamdalicw e)i-lalcim 


Scientists found that the location of 


Mars as far as scientists are aware. 


DID YOU KNOW? The most powerful guroras are capable of generating over 1 trillion watts of power 


“On Jupiter, Saturn, Uranus 
and Neptune, guroras 
form ina similar manner to 
how they form on Earth” 








—— see a rd This image shows Jupiter's 


ey lies magnetosphere and how its 
Viti / a aToloar-mer-]am ol-vere)aat= 
NATTA A Taney hvZeXeMLaircl0lnela-Mcelanatlareya 





Jupiter 

. FAN idavol0 ie] amcxe)anl=Mevmdalsw-l0] qe) e-somielelare| 
fo)awle]e)inclanie)aaamiam-B-)iaallt-lamaat-lalalcie 
Kom a(ess{=Me) aM =t-]a0aMm pat-la\varcl acm ie)anaicre 
(o[U(omcom a aiom uae] 0) 0) [are meym ey-]aulei (as 
within its own magnetic 
VaNVlae)alaalslalem Olaliiccmeyolaelaakcmaarelial 
aurora that changes size as the solar 
winds vary, Jupiter’s main auroral 
ring maintains a constant size. This is 


(o [U(-m Kom | som ce) anat-le(e)amualgelelela) 


environment. Jupiter’s moons are 


SMa elU le] nl muon e)gelelU (ers Mer-s-{-\omuarle 
travel into Jupiter’s atmosphere, 
where they can contribute to the 
planet’s aurora formation. 


Talk=)er= ord (eyarcmuuiealiamiscme\uiamant-lelal-ia(e 


Fe] KsXO 012) |(=)V,210 MRO Ooi] 0)(-mnOm[alalUl=)p (ers) 
10] 90) @= loom (OPN 16] ©) >) aacMZ0) (or-] al om anole) an 










Saturn’s auroras 
oxexel Ul au al=t<] am mal> 

fo) Fe alcimscm ole) (=soF 
much like they %, 


ofomelaM =t-] aaa) CS 


Saturn 


Saturn’s auroras differ from Earth’s 
in their size; they can stretch to 
elaavev4lalem stelle |alacwe) mm MOlO1ON <| (elantcingets 
(CVA Ma nli(=s>) re] eXe)\(= Wey] 40 laa kcmes (ol ele | 

io) oka I a oMo+ al-]g¢ [210M oy-] au (estore) a ala) 
17ge)aamual=olelakowsve)(-] mii lale im e)t-cialare) 
past the planet. The particles smash 
Tal kom ance |qele[=lamlamer- 140] aak—m ele) l-l¢ 

Fe) Wanless) 0) al=)acem (olalcilaremuarsmeressyavel es) 


atoms, which causes photons to be 
released and leads to the aurora. 
This planet’s auroras are actually 
AKO)MAYA ile) (cm KomaaeMalllant-laM=\\-PRele[-mne) 
the fact that the emitted light lies in 
lamlaligel acre] aremeliueshv(e)(=)m<j olccerua Ulan) 
we can’t see. It’s thought that as on 
S[Uyo)i x=) emey-1 40 damm anrelealcmant-\varelse 
influence the auroras. 





Uranus has-a mass 
over 14 and avhalf 
times that of Earth’s 


Uranus 

The presence of auroras on Uranus 
was detected in 2011 by the Hubble 
Space Telescope. It is thought this 
was possible due to heightened solar 
Lora hViAYAe (0) diate mualicm ol-) a(elemmuval (orn 
Tatelqsy- Wisco a a(owr- lan loll aime) meat] qe[=ve| 

oye] ale (=somore |g a(=le ml amcie) tela ialesmacelan 
the Sun. The auroras formed on this 
giant ice planet appear far away 


ice)anmeal=wale)adam-|a(emcel0 lua ele) (=1-9 

UT al il <oMe)am =t-] a4 na Mal (cM om olclor-[Ul\oMe) j 
atom ©) r-]alcimecm aatele]alcie(emil=)(emmuval (eva ts 
Tate lTal=ie mre] alam] ale] (ome) moss Me(=le]aolotomne) 
the axis of its spin. These auroras are 
fainter than their Earth counterparts 
re] lem FeKsime)al \var- Roxele]0)(-Melmnallal ei nove 
Vial iL comaalesst=me)a mele] ame) -laisimmyvial(ern 
may last for hours at a time. 
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The colours of - 








f the eight planets in our Solar System, only 
two can’t be seen unaided from Earth - 
Uranus and Neptune. And even then, 
unless you're observing through a telescope, the 
physical appearance of almost all planets will be 
difficult to perceive. Except of course Earth’s 
salevecdelore)beguetey e)t-belcam\VE-DacmanUevl@eucaycjee-bele(sels 
cultures correctly documented as being red, as its 
orange-red glow is distinguishable from Earth. 

Space missions and scientific advancements in 
the last century have greatly improved our 
perception of the planets, including those closest 
and farthest away from the Sun. Asa result we are 
saCeiipenet-vena-le)(cnconlolsvelabava-Be)tcbelsmcnnae(cnee) (Obie 
Valo mem eae)asmbeslelevar-velehieenepelelcvacir-VeloMuUaNall 
appears as such. 


Neptune 

The smallest of the four 

gas giants, Neptune shares a 

lot of physical similarities with its 
neighbouring gas giant, Uranus, 
including its blue colouring. It’s 
considered the windiest planet, with 
speeds recorded at around 2,414km/h 
(1,500mph). Extreme storms are also 
known to occur in its atmosphere and 
the planet also features a giant storm 
spot like Jupiter 
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The colour of each planet is determined by what 
idalsyi@cetclolcnvveneyemsbaleombeucreveelepeetsirsbelacrmm ele niadelcite 
FVm aa Xossye) els) qersesloscre) aoe PaCemasyi(cem brdelmaaeeomealcnoloen 

The four terrestrial planets, which have solid rock 
surfaces, are mostly grey or reddish-brown in 
appearance due to elements such as iron found on 
the surface. However, the surface of Venus is 
difficult to detect from space, as a dense atmosphere 
and thick clouds of acid surround it. The sulphur 
present in the clouds reflects the light and gives 
Venus its noticeable yellow colouring. A similar 
principle applies when it comes to determining the 
colours of the four gas giants. Uranus and Neptune, 
for example, appear to us as blue because methane 
gas present in their atmospheres absorbs red light, 
cyatelo)eeeremmelcveemcekeveuyimacyi(-eme)loccn 





Uranus 

Although 

classified as a gas 

giant, an icy layer of 

cloud covers the planet 

Uranus. The coldest planet in our 
Solar System, temperatures at cloud 
level drop to below -220°C (-364°F). 
Methane in its atmosphere gives 
Uranus its distinct turquoise 
appearance; as red light is absorbed, 
only green-blue light is reflected 


Discover the science behind 
the colours in our Solar System 


Planetary colour 
palette 


Here’s how each planet is 
oxo) ole g=\e MMi am=y- (ein exe) (Ol 01g 
TalelCorslahYoMe) mre Merc) a m-liam=\(-nn=als 


Hydrogen (H.) 
Lor-Ta oto a el Toy (ie (- (0029) 
Helium (He) 

®™ Nitrogen (N,) 

m™ Oxygen (0,) 

@ Methane (CH,) 

® Sodium (Na) 

® Argon (Ar) 

@ Other gases (Oth) 








3% 
He 


Saturn 

The lightest but 

second-largest 

planet in the Solar 

System. This gas giant 

is mostly made up of 

hydrogen and helium, but 

traces of ammonia, phosphine, water vapour 
and hydrocarbons in its atmosphere give the 
planet its distinct yellowish-brown colour. 
Saturn’s famous rings, which are primarily 
made up of water ice, share a similar hue, but 
also vary in colour depending on density and 
the presence of other materials 




















<1% Oth 


__—_ 10% Ar 


Jupiter 

Gas giant 

Jupiter is the 
largest in our 
Solar System. 
Made up mostly of 





Earth 


0.1% Oth 


Mercury 
Mercury is 

not the blazing 

ball of fire you 

might expect. In fact, 














its appearance closely 

resembles Earth’s Moon. Its cratered 
surface appears greyish-brown in 
colour due to the composition of its 
rocky surface, which is impacted by 
particles and solar winds. 
Temperatures fluctuate to extremes, 
thanks to its thin atmosphere 


Earth is the only 

habitable planet in our Solar System, 
thanks to its unique atmosphere. It is 
also has liquid water on its surface, 
which is key to supporting life. From 
space you'll see vast blue oceans and 
green and brown land, as well as thick 
white cloud cover 


hydrogen and helium, like 

the Sun, its structure resembles that 
of a star. Ice crystals and other 
elements help form thick bands of 
red, brown, yellow and white clouds, 
which encircle the entire planet. Its 
famous red spot can also be seen 
from Earth through telescopes 
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1% Oth 





1.5% AL 
: ...1% Oth 








a, 
Venus 
Volcanic activity 
has shaped the 
Mars surface of 


Earth’s largest 

neighbouring 

planet, Venus. Its 

dry, barren 

landscape is made 

up of greyish rock. 

From space, however, 

you'll notice thick, swirling 

yellow and white clouds, which are 
made up of sulphuric acid - a result of 
the planet’s dense atmosphere 


Mars is known as the 
Red Planet, so called 
because of its 
colouring, which is 
caused by high levels of 


iron oxide found on the 

surface. Although dry and dusty, 
temperatures on Mars are similar to 
those on Earth, but the planet is also 
plagued by powerful dust storms, a 
consequence of its thin atmosphere 
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Asteroids in 
Solar Syste 
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|W Colsi emu aloestsinsvaeylotcpeanejena 
Solar System are positioned 
between the orbits of Mars 
and Jupiter, clustered in 

10 0LsESISI AN, om OL) | RH w CO)TAV(SA1(5) ORSKO) BBLS 
(ce) selsnellejsysunon orsbanel 
(o)ammelspapbarenatslolbtslme)ae)ies 

and these are referred.to as 








A it iaael ° Coc cee Mec ccc cc ccce os: 
 erorlEros Blue | We@ar-Earth asteroids. We 
/ indicatesalowgravity | take a look at some of the 
slope, reda high slope 
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Eros @eeeeeeeeaeaoeaeeaoeaeeeeoeeeeeeeo@eoeoeoeaeeoeeeoeaeaeeoeeeeoeeeeee eee 8 
Ceres as imaged byt 
Jelbloje)temsyer-lacw 
oe oe S Me 
' Pi we > 


Ceres 


Icarus 


Dimension: 590 miles Aphelion: 446,669,320km (2.9858 
AU) Perihelion: 380,995,855km (2.5468 AU) Orbital 
period: 1,680.5 days Escape velocity: 0.51km/s 
Temperature: ~16/K Spectral type: C 


Technically classed as a dwarf planet, Ceres -named after 
the Roman goddess of growing plants and the harvest - is 
by far the most massive body in the asteroid belt. Indeed, it 
isso big compared to its neighbouring asteroids that it 
contains 32 per cent of the belt’s total mass. 














How to deflect an impact... 








1, Nuclear ; 2. Multiple 3. Kinetic 

r2)°4 0) (ek-4(0) BS explosions impactor 

This method involves Detonating multiple Similar to the last 

sab @uateespelv(el(cr-vaoleyenle) nuclear bombs close (oye) a(evammaedicpentciaarere| 

into the asteroid. icepleslor-(Cmmyolelloge)brsiel would involve firinga 

Problems may occur the asteroid to one solid projectile into an 

ifthe explosion just ‘ side and onto asteroid in order to 
Nuclear splits the asteroid into y.\ > i Fevateyaatey am eleyemiar-Vadel alter its momentum 
(=) 0) (ox-4 (0) 8] : vv : : ; 

smaller pieces. destroying trajectory. and change its course. 
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DID YOU KNOW? Because Venus shines so brightly, it has often been misreported as gd UFO 


4 Degrees Kelvin 
Gm Gigametre 
: AU ._ Astronomical unit 
Trojans Km Kilometres 


Orbital period Mi Miles 
Km/s Kilometres per 


11.87 years 
| ~ second Mean 








Hidalgo 


Dimension: 38km_ Aphelion: 1427.003Gm (9.539 AU) 
Perihelion: 291.846Gm (1.951 AU) Orbital period: 5,029.467 
(oF \VAstam =i or] 00-1 (007 | 8V eR OROMMI Cn ayAs 

Temperature: ~116K Spectral type: D 


Hidalgo has the longest orbital period of any asteroid 
outside of the traditional asteroid belt, witha full orbit 
taking over 13 years. Hidalgo grazes Saturn’s orbit at its 
aphelion and its severe orbital inclination (43°) is thought to 
be the result ofa close encounter with Jupiter. 


Dimension: 1.7/km Aphelion: 343.216Gm (2.294 AU) 
Perihelion: 96.850Gm (0.647 AU) Orbital period: 651.543 
days Escape velocity: 0.0009km/s 

Temperature: ~222K Spectral type: Q 


Apollo is a Q-type (metal-rich) asteroid discovered in 1932 
that was then lost until 1973. Named after the god oflight 


Filling 
the gap 


Franz Xaver von Zach 
(1754-1832), astronomer 
and leader of the Seeberg 
Observatory, Germany, 
believed that there wasa 
missing planet orbiting 
the Sun between Mars 
and Jupiter. To prove his 
theory von Zach 
organised a group of 24 
astronomers and gave 
them each a part of the 
celestial zodiac to search 
inanattempt to track 








and Sunin Greek mythology, Apollo shares its name with down his errant planet. 
? the Apollo sub-class of near-Earth asteroids. Apollo was the Unfortunately, despite 
first asteroid recognised to cross Earth’s orbit. . 
;, S sucha large team, von 
| Zach was beaten to the 
® : discovery by the Italian 
_——~ Adonis Catholic priest and 
2s ; Dimension: 0.5-1.2km mathematician 
CEJ ~ Aphelion: 494.673Gm (3.307 AU) Giuseppe Piazzi, who 


c=) 11121 1(0) | PotoRe Olole jag (Ok-7-4m NUD) 
Orbital period: 936.742 days 
| t-Yor=] of=MY(2) (lel Ais 

a 0.0003-0.0006km/s 
Temperature: 197-207K 
Spectral type: C 


accidentally discovered 
the asteroid Ceres in 1801. 





Adonis was the second 
asteroid to be discovered in the 
Apollo sub-class of asteroids, 
found in 1936. It isnamed after 
the Adonis of Greek mythology, 
it closely passes Venus on its 
orbit. Adonis will make close 


oUmmmeccoceceoeqeceeooe es 





approaches to Earth six times 
7 iz, during the 21st century. 
é SZ Fin 


Aclose-up view 
of Eros 
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The asteroid es a 
: Gaspra Giuseppe Piazzi 
Photons 4. Solar sail Mass driver 5. Mass driver 6. Paint 
C> ce This method would AW elbrexexsjor-(ucnenadl| By coating parts of the 
=. ~ involve attachinga Velen CoM el=binacroptelce) asteroid in paint, the 
ie 5,000km-wide sail to the asteroid, and drill amounts of thermal 
oe FeValstsiks) €0)(6 aM Walsy ele maaleprevarsbaels radiation emitted by 
amie’ constant pressure of before firing them the asteroid’s 
sunlight over a large into space, altering its Sun-facing side could 
Solar sail area would slowly mass and changing beincreased, altering 
alter its course. delexeeebesen its path. 
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Alien Earths _ 


Discover the five strangest exoplanets ever found 


0 boldly go -in Star Trek the starship 
Enterprise would visit new planets every 
week from the Sixties onwards, but until 
1995 we didn’t even know whether planets around 
normal stars existed. Then astronomers found the 
first hot Jupiter, called 51 Pegasib, whichis a gas 
giant like our Jupiter, but extremely close to its star. 
That discovery opened the floodgates and today we 
know of over 1800 confirmed planets of all types - 
JEcNgexexcbaleus) ented lomelelm-baremee)(opmezctor- belo lace 

To differentiate them from the planets ofour 
familiar Solar System home, astronomers call these 
alien worlds extra-solar planets, or exoplanets for 
short. Of all these planets, less than two dozen have 
actually been photographe the pictures 








they are just points of light). The others are detected 
idabqeered oNcr=\r(-¢c 0 BasleiualelersmmuelcR Any okeleespbetsbalmey acer 
called the radial velocity technique and the transit 
method. The former makes use of the gravitational 
interaction between a star and a planet - the star 
orbits the centre of mass between the star and 
planet, EYOCORSOR COROSSLI FN 0) osreb acm KORNV(0)0) 0) (swecreyaalsl beaters 
by just a few centimetres, but this causes its light to 
| of=y DXo) 0) 0) (=) asJabuansre Ou Melouc)>AcKe)m elem Dlejeye)(cyasveluam-balel 
the period of the wobble tells us about the mass of 
idalexe)do)lapaten=y.coye)t-Delcim- Dales elcJVAcKO)@lesKe) ae) im 
Transits happen when a planet passes in front of 
its star. Our telescopes are not powerful enough to 
resolve the silhouette of the planet in front of its star, 
but we can detect the tiny dip in the star’s light. The 


size of the dip, and the regularity with which the 
transits happen tell us the diameter of the planet 
and howfar from its star itis. Ifastronomers are able 
to seea transit and measure the radial velocity, they 
can then measure both the mass and diameter of 
the planet, and calculate its density and work out 
whether it is rocky, gaseous or some mixture of 
the two. ¥ 

Exoplanets are discovered with both ground- 
based telescopes and space-based telescopes, like 
the Kepler planet-finding satellite, and witha new 
wave of planet-finding space missions being built, 
as well as giant ground-based telescopes, we can 
expect to discover thousands more planets, and 
perhaps even a planet just like Earth. 


Exoplanet most like Earth 


One of the great quests is to find a planet 
that is like Earth and could support life. 
Astronomers tend to categorise these 
planets as being found in the habitable 
zone, where temperatures are just right for 
liquid water on the surface. The best 
candidate so far is G] 667Cc, which orbits a 
red dwarfina triple starsystem. Itisa 
super-earth, nearly four times the mass, 
and would be slightly hotter than Earth. It 
is unknown whether there is alien life. 


This could be the view of 

the sunset on GJ 667Cc, 

with a triple sunset seen 
his artist’s impression 


G) 667Cc 
Distance: 22.7 light years 


Mass: 2.26 x 10*° kg (3.78 
Earth masses) 


Diameter: 22,425km 


Length of year (orbital 
period): 28 Earth days 


Discovered: 2012 


Discovery method: Radial 
velocity 


The planet-sized hurricane 


The strongest winds ever measured on 
Earth was 408kph (253mph), but this was 
just a breeze compared to the winds 
measured on HD 80606b, which reach 
10800mph (17380kph)! The reason for these 
winds is the planet’s egg-shaped orbit, 
which at times brings it just 4.5 million km 
(2.8 million miles) from the Sun. This 
causes the atmosphere to heat up rapidly 
each time it comes close. This heat drives a 
Superstorm in its atmosphere. 


HD 80606b 
Distance: 190 light years 


Mass: 7.6 x 10*27kg (4 
Jupiter masses) 


Diameter: 128,776km 


Length of year (orbital 
period): 111 Earth days 


Discovered: 2001 


Discovery method: Radial 
velocity 








The planet from hell 


What happens when a rocky planet finds 
itself in a similar situation to a hot Jupiter? 
CoRoT-7b is a molten world witha 
temperature between 1800 and 2600 

degrees Celsius on its sun-facing side. It is eee ee SHE 
tidally locked, soitalwaysshowsthesame _pjameter: 20,132km 
face to its star like the Moon does to Earth. 
The dayside’s surface will be an ocean of 
lava, while the gravity fromthe nearbystar Discovered: 2009 
will flex the planet’s interior, causing the ace VIEL AT 
farside to be covered in giant volcanoes. 


CoRoT-7b 


Distance: 489 light years 


Length of year (orbital 
period): 20 hours 


The surface of CoRoT-7b is 
Yom aloe day-l umd aloMalct-]ec}(0(-me)i 
1 asm ©) f=] alcimm are Komanlslincvem|alne) 

Fela mexer=t-1 ae) mt-\Vie 





Understanding exoplanet transits 


The Kepler Space Telescope discovers planets by watching 
for their transits as they pass in front of their stars. 


Planet light 
When a planet isn’t transiting, 
astronomers are seeing the light of the 
'o) Fe] a(o1mr- ale Bc) -] more)anle)[ar=cemm A aaiclam uals 
planet is behind the star, they can 
subtract the star’s light, leaving just the 
light of the planet that they can study 





Tat=me)mi(elale 
PANSY a go)alo)an\=leomer-] ame)al Wasiet> 
a transit if the equatorial 
fe) Fe lal=e)mual=Bcl ie] arelare 
exoplanet is exactly level 
with our point of view 


bs) =] gj 00) a 
Mo) acmo)im o)al=)alelan(=lare 
on stars can mimic 
transits, such as a 

'o) Fale [U( =e) mo} =] 6] 010] 8S 


How big? 

The larger the planet, the more 
of the star’s light it blocks, which 
allows astronomers to calculate 
the planet’s diameter 


o)atelalaalsns 
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Big daddy of 
the planets 


Besides the powerful winds, the heat that hot 
Jupiters receive warms their atmospheres so much 
id etch sd aXcyear-teelelc}e)elcvacise=>.¢ey-belommbeleasr-Kjbermmecee 
diameters. When it was discovered, WASP-12b was 
the hottest planet known, with a temperature of 
2250 degrees Celsius. Its expanding atmosphere, 
which increases the planet’s diameter to 419,000 
kilometres.(257 million miles), is vulnerable to being 
torn away by the gravity of its sun at a rate of 189 
quadrillion tonnes per year, which forms a large tail 
of gas, a bit like a comet. The gravitational tidal 
forces also distort the planet into an egg-shape. This 
is one very messed-up planet. 


















WASP-12b’s expanded 
atmosphere is being torn away 
Talkemr-mce)aveme-limuat-lenie)@aaicwr-) 
disk around its star 





Invisible transit 

Our telescopes are not 
powerful enough to see the 
fo) Felaleimdgelarsiidialeme || qcvord \yam leis 
they can detect how much 
J] gl (e] a) ism ole) [ nem 8) (ele! cave 


--Gerrt ee 


Length of year 

How frequently a planet is 
seen to transit tells us how 
long its year is. Some have 
years that last just a few 


Sta ff Earth days 


Telalmeallayc= 


Distance from their star 
The longer it takes for a planet to 
complete a transit, the larger its orbit, 
and hence its distance from the star 





A diamond in the rough 


Astronomers tend to focus on the surfaces, 
or cloud tops of planets, but sometimes 
what lies beneath is even more interesting. 
The planet known as 55 Cancrie is a huge 

‘super-Earth’. It is dry, with no chemical Perna no See 
signature of water, anditisrichincarbon,  pjameter:2 4,000km 
amounting toathird ofthe planet’smass. _ Length of year (orbital 
In its core, all this carbon will be period): 17 hours 


55 Cancrie 
Distance: 41 light years 


compressed under high pressures, to the Discovered: 2004 


Discovery method: 


point that deep within 55 Cancrie there is . 
Radial velocity 


quite possibly a giant core of diamond. 


jose Or-alel gd Mom oir- 

JU] ols] el ate] ada Per] cele lare| 
twice the diameter 
Co) molU am e)t-Jalcie 


WASP-12b 


Distance: 800 light years 


Mass: 2.56 x 107’ (1.3 times 
mass of Jupiter) 


Diameter: 255870km 


Length of year (orbital 
period): 26 hours 


Discovered: 2008 


Discovery method: 
Radial velocity 





Giant Super 


Predicting the sizes of exoplanets Earths 





The size of a transit - in other words, though, but we can work out its dividing the planet’s mass by its 
how much star light is blocked- —_~ Vo) [8 ]aalcmige)aamiscwelt-laa(=1k-) em A (-Mer-]a Wo) U]aalewar-lalem qare)uiialemual=Me(=)ali aN Super-Earths are rocky planets like 
tells astronomers how big the learn its mass by seeing how much Sumer |=30 ge) a e)an\=)e-merclamile[ela-meleimual-ianl-\a Earth or Mars, but much, much 
planet transiting is. This doesn’t tell its gravity causes its star to © the planet is made of rock, gas bigger. They can be up to ten times 
us its mass or what it is made from mYiV(e) 9) 9)(=¥em D=\a)<11 BVM oMer-] (010) f=] K=\em oh or water. the mass of our planet! These 

| : ale worlds will not have crushing 

: Sun-like ; gravity, however - surface gravity 
depends on the radius of the 
planet planet, and the further the surface 


from the core, where most of the 
mass is contained, the less the 
gravity is. Most Super-Earths will 
have gravity between 1 and 1.5 
times Earth’s gravity. Our Solar 
System does not have a 
Super-Earth, meaning they 
are truly alien planets. 


ONS NASA/JPL-Caltech/R. Hurt (SSC).; NASA/ESA/G Bacon (STScI); NASA Ames; 


ESA/NASA(G Tinetti (UCL/ESA)/M Kornmesser (ESA/Hubble); ESO/L Calcada 
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y you ke A 
have Ce It ta ke S / Astronautsrun the systems gineeriiig Virtual reality programmes 
simulator in front ofa full-sized let astronauts practice their 
tO b eC a a} a Stronaut, projection of interactive International mission-specii c duties 
Space Station components ) | Jarebarebacrelsxeymabei(acwolsyieas 
hi | their flight 
think again... 


Was é >» » a ee testa new extra-vehicular space» 
eis LER | iil thn witha partial : ste 
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a , t's now been over 60 years since Russian space agency is looking fora few good men and 
- (efolsj ante) atclOim GUbOmer-fex-babemelcver-beelsneelcpanacit women who contain the rare mix of hyper- 
. man inspace, but with the rare exception of intelligence, marathon stamina and good 


a few billionaire civilians, space travelisstilla | old-fashioned guts to board the brand-new 
well-guarded privilege. Ares I-X rocket and blast off to the uncharted 

As NASA initiates a new long-term mission depths. What does it take to become one of the 
toreturn to the Moonand pushontoMars,the — lucky fewto venture into space? 
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DID YOU KNOW? It only takes up to two yeors to train to become an astronaut 


HEAD 
HEAD 


THE YOUNGEST, 
OLDEST AND MOST 
EXPERIENCED 
ASTRONAUTS IN 
HISTORY 





| 
1.Gherman _ 
Stepanovich Titov 
Age: 25 

Facts: Only the second man 

in space after Yuri Gagarin, this 
charismatic young Russian 


This huge centrifuge 

doesn’t testthe g-force 

limits of astronauts, but ! 
| replicates up to 3.5g for ae y 









NASA astronaut training is much like 
cramming for final exams at MIT while 
simultaneously enduring basic training for 
the Green Berets. Candidates begin their 
training in the classroom, taking advanced 
(elo) bb actaspbek-tsin qe) ele) sony e)ehyscy (esp 
mathematics, geology, meteorology and 
introductions to the Space Shuttle 
guidance and navigation systems. Sorry, 
no poetry electives. 

j3Xo) dom oye lo) ace balemeleyetsoyllelnce-bacmar.beelcomne) 
fly T-38 jets, highly acrobatic aircrafts that 
can reach 50,000ft. Pilots must log 15 hours 
of flight time a month, plus extra practice 
EDatebbatcadelco)elouad (om Wes beabberewaUeaee-Dim plete 
more hours). Non-pilots must loga 
aapbebeecleeemeymcolepa@elelepect-Beslevelsembeneelem keton 

But before astronaut candidates even 
step foot ina flight simulator, they need to 
be trained in military water survival. That 
saslercbatsesvee loys mec) anu (ersialoyenbelomuel=peyaenuciel 
ability to swim three lengths ofan Olympic 
size pool in full flight gear and shoes. To 
cover all contingencies, astronaut 
candidates are also trained in wilderness 
survival, learning how to navigate by the 
stars and to live on nuts and berries. 

The torture isn't over yet. To weed out 
the weaklings, candidates are subjected to 
extremes of high and low pressure and 
trained to deal with the ‘consequences’. 
Then they're taken for a joyride in the 
infamous KC-135, aka ‘the weightless 
wonder’, aka ‘the vomit comet’, to 
experience 20-second shots of 
weightlessness. Some people love it, some 
people are violently sick. 

After that it’s time to brush up ona 
(elo) bye) (=o loyAcremcrepouleyentcvelmest-belerclkpeal 
preparation for intense training with 
full-size, fully functional simulators, 


! | A flightsimulation exercises — = = -y > == 
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everything from flight controls to hydraulic 
arms, even down to how to use the toilet. 
Every single astronaut candidate is trained 
in every phase of space flight, ranging from 
pre-launch diagnostics to emergency 
JEWelobbatey o)colecroledacicn 

Candidates also trainin the Johnson 
Space Center’s Neutral Buoyancy 
IF lole)elce)avar-vewbesbest-velsicmelele)anarete 
faithfully simulates near-weightlessness. 
Here, they prepare for both the 
extraordinary and mundane aspects of 
space life. They conduct underwater ‘space 
walks’ in full space gear and practice 
making freeze-dried snacks in the tiny 
Shuttle kitchen. 

Finally comes the mission-specific 
training, where each member of the team 
runs countless simulations within his or 
her area of expertise. Scientists conduct 
their experiments over and over. Engineers 
do hundreds of mock space walks to make 
repairs to space station components. And 
pilots pretty much live in the flight 
simulators. After two years of full-time 
training, the candidates receive a silver 
lapel pin indicating they are officially 
astronauts. After their first flight, it’s 
SMV} 0) oXe10 B Ke) ars Boxe) (eRe) elem 





This centrifuge is designed to test the effects of 
linear acceleration on visual function in space 
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walks in the massive 
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So you want to 
be an astronaut? 


In the late Fifties, when NASA 
began its internal search for the 
first seven astronauts, it drew 
from the ranks of the most 
experienced Air Force pilots. A 
lot has changed since the dawn 
ofspace flight, and so have the 
résumés of modern astronauts. 

There are still some military 
pilots in the ranks, but they’rein 
the minority. Today's astronauts 
are more likely to be academics, 
scientists and engineers ofall 
stripes — particularly 
astronautical engineers. 

Astronaut candidates are 
chosen through a rigorous 
application process and there is 
no career path that guarantees 
admission into the programme, 
although many current 
astronauts work for years within 
the NASA research and 
development ranks before 
suiting up themselves. 








= American and Russian 


cosmonaut was the first to make 
multiple orbits (17, in fact) of the 
Earth on 6 August 1961. He is 
probably most famous for his 
in-flight exuberance, repeatedly 
calling out his codename: “| am 
Eagle! | am Eagle!” 


2. John Giant 

Age: 77 

Facts: On 20 February 1962, John 
Glenn piloted NASA's very first 
manned orbital mission of the 
Earth, whipping around the globe 
three times in under five hours. 
Fast forward 36 years to 29 
October 1998, when the retired 
US senator took his second space 
flight, a nine-day mission 
exploring - among other things 

- the effects of space flight on the 
aging process. 


MOST TIME IN SPACE 


3. Gennady 
Padalka 

Total duration: 878 days 

Facts: RKA Cosmonaut Padalka 
crushes all competitors in the 
category of most time spent in 
space. He flew five missions 
between 1998 and 2015, notching 
up over two years in space. 
Having spent 878 days in space in 
total, Padalka resigned from the 
Russian space programme in 
2017, citing the decreasing 
likelihood of his being able to go 
into space again as his reason for 
leaving the programme. 
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() EXPLORATION 


inside a spacesuit 


What's so special about an astronaut’s outfit 
that it can keep them alive in space? 


an item of clothing - like a jumper you'd put 

on when it’s cold ora pair of wellies to keep 
your feet dry - but asa habitat or asmall 
personal spaceship that astronauts wear when 
they’re out in space. 

Two of the main threats to human life in 
space are the lack of oxygen and the extreme 
range of temperatures, which can fluctuate 
from below -100 degrees Celsius (-150 degrees 
Fahrenheit) to in excess of 120 degrees Celsius 
(242 degrees Fahrenheit). But they can face 
other dangers, too: the extremely low pressure, 
micrometeorites travelling several times the 
speed of a bullet and exposure to high levels of 
radiation, unfiltered by any planetary 
atmosphere like Earth’s, travelling from the 
Sun and deep space. 

Astronauts need protection from these 
dangers while on an extravehicular activity in 
space, so the modern spacesuit is designed to 
do just that. The outer section is divided into 
several main pieces with flexible and rigid 
parts, designed to provide mechanical 
protection from impact anda pressurised, 
oxygenated environment within the suit. 

Underneath that, the astronaut wears a 
garment that helps regulate their body 
temperature with tubes that are woven into it, 
inside which water circulates for cooling. The 
astronaut’s chunky backpack carries the primary 
life support subsystem, which pumps the oxygen 
into the astronaut’s helmet for them to breathe 
and ‘scrubs’ the excess carbon dioxide out of the 
air they exhale. It also holds the electricity supply 
required to run the suit’s systems and a water 
tank for the cooling system. 


: t’s probably best to think of a spacesuit not as 


‘The astronaut’s backpack 
carries the primary life 
support subsystem..." 


The Z2-suit 


NASA’s prototype Z2-suit is currently 
still a work in progress on an update to 
the current incarnation of the spacesuit, 
whose basic structure has been used for 
over 40 years, ever since the 
Extravehicular Mobility Unit (EMU) was 
first made in 1981. At a glance, it doesn’t 
look like it is radically different to our 
contemporary space suits, but it’s 
actually been designed to include 
several new key features that will allow 
Mom ol-MUic{-\oM [nm ofoldamual-wanl(oigele|e-\ VIN) i 
space and also for future missions to 
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Life support 

The heavy backpack contains 
power for the spacesuit, air and 
a water tank for cooling 


Extravehicular 
Mobility Unit 


The space suit born in 1981 is 
still used outside the ISS today 










































Heavyweight 
A complete EMU weighs over 
100kg (220Ib) but fortunately, the 
microgravity of space makes this 
feel nowhere near as much 


Gold layer 

An astronaut’s visor 
is covered with a thin 
layer of gold, which is 
transparent but filters 
out harmful rays from 
the Sun — 
Protection 

A Hard Upper Torso 
(HUT) assembly 
provides a rigid base 
for the rest of the EMU 
to connect to and 
some protection from 
micrometeoroids 
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J de Control module 
‘ The Display and 


Control Module gives 
the astronaut easy 
access to suit 
controls and 
communication 


Undergarments 
Underneath the spacesuit, are 

Urine Collection Devices (UCDs) 
and a series of tubes that assist 
in cooling the astronaut 


Jetpacks 

Astronauts only use jetpacks in 
emergencies. The Manned Manouvering 
Unit (MMU) shown here was replaced 
by the Simplified Aid for EVA Rescue 
(SAFER) system in 1994 


. 
s 
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planets such as Mars, which the 
Apollo-era spacesuit isn’t actually 

(ora) of-] 0) (=e) mm | mmeor-] am ol-MelU)(ol ¢\vmoleime)am-lae| 
taken off (current spacesuits can take 
FT amalol0/are) mi nalelaom com oli mela) m-laremlalelUle(ow- 
suitport dock, which replaces the airlock 
on a spacecraft. This means that the 
spacecraft and space suit would be kept 
at the same pressure, so astronauts 
wouldn’t need to pre-breathe oxygen for 
at least 30 minutes before an EVA as 
1uat=yVare(om ale)uva lame) qe(=)mikem e)ac\Vclalt 
decompression sickness. 
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DID YOU KNOW? The term astronaut comes from the Ancient Greek for ‘star sailor’ 


Underwater ; 
astronaut training — 










The best place on Earth to prepare for 
Zero gravity isa swimming pool 


hen an astronaut prepares fora mission 
to the International Space Station, they 
must practise the tasks that they'll be 
carrying out in space. However, in order to make 
the training as realistic as possible, the 
microgravity they'll encounter outside our planet's 
atmosphere needs to be mimicked here on Earth. 

It may sound far-fetched, but NASA has an 
ingenious way of replicating space’s unique 
environment on our home planet -it has placed a 
large-scale mock-up of the International Space 
Station in an enormous swimming pool. The 
American space agency calls this 12-metre 
(40-foot) deep pool the Neutral Buoyancy Lab 
(NBL) and astronauts have been training here 
since 1996. 

Astronauts undertake six-to-eight-hour 
underwater sessions on a daily basis - the 









Voluminous 

The pool contains an 
enormous amount of 
water: 28 million 
litres (6.2 million 
gallons) - the same 
as ten Olympic 
swimming pools! 


Sunken 

space station 

A mock-up of the 
International Space 
Station’s modules lies 12m 
(40ft) deep in the water 


Pool-sized space 
environment 


In the Neutral Buoyancy Laboratory, 
astronauts can get a taster of what 
working in space will feel like 


Safety 


equivalent time for an Extravehicular Activity 
session in space. When it’s time to begin training, 
a camera diver shadows the astronaut to capture 
everything that happens, so it can be reviewed 
later. Safety divers are also on-hand at all times 
and the astronaut is rigged up to various support 
systems for air, power and communications. 

Underwater, the trainee astronaut is 
breathing nitrox air, which is comprised of 46 
per cent oxygen rather than the normal 21 per 
cent we breathe every day. This increased 
oxygen concentration reduces the risk of 
decompression sickness. Long tethers also 
enable an astronaut to lock themselves onto 
handrails while they are practising a task. 
Everything they do underwater is a simulation 
of what they'll be doing onboard the 
International Space Station. 


Neutral buoyancy 
The water provides ‘neutral 
buoyancy’, so astronauts 
who are training neither 
rise nor sink, simulating 
= the effect of zero gravity 
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up toveight hours a 
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Size does matter 


Before getting in the water for a session in the 
Neutral Buoyancy Laboratory, an astronaut has to 
dress for the part. During the fitting for their 
space suit, there are 36 measurements taken of 
their bodies and 46 measurements of their hands, 
while plenty of padding inside the suit ensures 
they don’t slip around. The end result is so heavy 
- weighing almost as much as two men - that 
several technicians are required to help the 
astronaut get suited and booted. 


European Space Agency astronaut Samantha 
Cristoforetti, flight engineer of Expedition 42/43, 
prepares to be submerged in the waters of the NBL 





Hidden depths 
See the NBL is 61.6m 
~ (202ft) long by 31m 
(102ft) wide, but it 
still can’t fit the 
.__ entire ISS inside 





dp. Life support 
_» Astronauts are connected to 
®= the pool’s life support 

Na i -» systems that provide air, 


=— , by 26m (85ft) long tethers 
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Breathing 
underwater 
‘|. To avoid decompression 





= power and communications, 











In 115,000 hours of dives, there has 
never been an accident with an 

astronaut. They are supported by a 
team of safety divers and cameramen 


pool breathe nitrox air that 


_ sickness, astronauts in the B 
is 46 per cent pure oxygen ° 
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“SURVIVE THE COSMOS Ae 
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iving in space is the ultimate 
i mental and physical test of the 

human body. On Earth, the 
experience of being in space is almost 


impossible to replicate; the closest 
astronauts can get is to train underwater 


but, even then, the experience is a world 
away from that first journey into orbit or 
beyond. There’s no ‘up’ or ‘down’ in 
space, so many of their sensory receptors 
are rendered useless, while materials 
such as water behave completely 
differently to how they do on Earth. So, 
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how do astronauts cope, and what’s it 
like to actually live in space? We're about 
to find out. 

Since Yuri Gagarin became the first 
man to leave the Earth in 1961, life in 
space has altered and improved 
dramatically. Gagarin spent the entirety 
of his 108-minute flight encased ina 
spacesuit, but nowadays astronauts can 
wear the same shorts and T-shirts they’d 
wear at home. The first space station, 
Russia’s Salyut (launched in 1971), saw 
astronauts eat food from freeze-dried 


a presence in space in 

some form or another for half a century, but 

learning to live in the cosmos has been a 
steep learning curve. We take a look at what 
it's like to live in space, and how we've 
adapted over the years 










packets and stay only briefly on 

the station in order to survive. Now, 
astronauts aboard the International 
Space Station (ISS) can eat pizza and 
curry, reuse and recycle many of their 
utilities and can stay in orbit for 
hundreds of days. 

Before the ISS there were many 
unknowns about living in space. Indeed, 
on the earlier space stations Mir and 
Skylab, procedures and equipment were 
much less advanced than they are now. 
For one thing, it was quickly realised that 


DID YOU KNOW? You grow taller in space because your spine elongates - some reports suggest by an inch in just ten days 





Space bodies 


How does living in space affect 


the human body? 


EARTH _ 
Orientation ---:-::::: : 
On the ground our : 
inner ears and eyes 

help us to balance and 

coordinate ourselves 


EARTH 
Blood flOW .------:-::ceeerreee 


On Earth, gravity pulls 
our bodily fluid 
downwards, making it 
pool in the lower part 
of our body, but various 
mechanisms ensure 
there is a sufficient 
flow to the brain 


EARTH ” 
Muscles ebaseteamiaaniarenessaes . 
Our muscles are in use 

every day, moving our 

limbs and helping us pick 

up heavy objects, so they 

do not deteriorate 


Our bones support our 
body on Earth, with an 
adult human body 
containing 1,200g (4202) of 
calcium and up to 500g 
(180z) of phosphorous 


astronauts must sleep near a ventilation fan. If 
they don’t they run the risk of suffocation. This 
is because, as they sleep, warm air does not 
rise ina weightless environment. Ina badly 
ventilated area they would be surrounded bya 
bubble of their own exhaled carbon dioxide. A 
regular supply of air (oxygen) is needed to 
allow for regulated breathing. 

Over the years sleeping methods have 
changed, from slumbering inasleeping bag 
attached to a wall, on NASA’s Space Shuttle, for 
example, to having their own small 
compartment on the ISS. Sleeping isn’t easy, 




















_ SPACE 
simnmnoniiins Orientation 
In space the balance provided by 
the inner ear is all but useless, so 

astronauts must rely on visual 
receptors. This can be 
disconcerting for the first few 
days in space, and can lead to 
space sickness 


Se SPACE 
Nia Blood flow 


In space bodily 

fluids are free of 

the effects of 

gravity, known as 

‘fluid shift’. They 

travel more easily 

to all parts of the 

% body, often 
, resulting in a stuffy 

oN \ nose and puffy face 
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, SPACE 
We tccceceeseenneeecnsees Muscles 
In weightlessness an 
astronaut will have 
less need for their 
muscles as they can 
move themselves 
and heavy objects 
easily. Muscles will 
weaken fast without 
regular exercise 


In a zero-gravity 
environment, 
phosphorous and bone 
calcium are removed 
from the body during 

2 excretion. After ten days 
aun of weightlessness, 3.2 
per cent of each bone’s 
calcium is lost. This 
decrease in bone density 
can lead to fractures, so 
exercise must be taken 
regularly to maintain 
their strength 


either. Astronauts experience a sunrise and 
sunset every 90 minutes as they fly at 
24,945km/h (15,500mph) around the Earth, so 
clocks on the ISS are set to GMT and astronauts 
live their days just as they would on Earth. 
They work for over eight hours on weekdays, 
but on weekends they are given much more 
leisure time, although work must still be done 
to keep the ISS safe and operational, in 
addition to checking on experiments. Life in 
space isn’t tough just for humans; animals 
have struggled as well. On NASA’s Skylab space 
station in the Seventies, spiders were taken up 


PAN okeloinelevata(ensalerelcavrexeyan slew accrel 
Planet itself was also re-created 


overcome a | 
deep-space 
mission 


In 50 years of space exploration, the furthest a human has 
been from Earth is the far side of the Moon. While 
astronauts have spent hundreds of days aboard the ISS, 
the complexities of tackling a deep-space mission are 
relatively unknown. As a result, projects such as the Mars 
500 mission have been given increasing precedence. 

The Mars 500 mission was an important study to 
ascertain the mental and physical strain on humans in 
closed isolation on a long-haul trip. The mission was a 
joint project between the ESA and Russian Institute for 
Biomedical Problems, which ran from 3 June 2010 to 4 
November 2011. Six candidates were sealed in an isolation 
chamber for 520 days, the approximate journey time fora 
real trip to and from the Red Planet. The chamber 
contained several modules designed to replicate a 
Martian spacecraft and the surface of Mars itself. The 
volunteers were subjected to some of the conditions they 
would experience, such as delayed communications and 
confined quarters. The results will be used to develop 
countermeasures to remedy potential problems. 


The astronauts carried 

out the same day-to-day 
routine they wouldona 
real-life mission to Mars 


Space was very limited 
inthe Mars 500’shuttle’ 
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tosee how they would cope ina : 
weightless environment. While 
disoriented they still managed to spina 
web, even if it was a little wonky. More 
famous was the first living animal to be 


- sent into space from Earth, Laika the dog 


a 


from Russia. Sadly, she perished in orbit, 

but she was said to cope well withthe — . 

experience of weightlessness. At the very’. 
least, Laika proved that animals could 


‘survive in space, providing the basis for 


Gagarin’s later mission‘and all futuré 
Jalebactsbebeedtci) (e)etspeelcenmelcnaeysjeelessn 

Each human consumes 0.9kg (2lbs) of 
oxygen daily, which is enough.to fill a 3.5 
cubic metre (123. 6 cubic feet) room, and 


-drinks 2 .7kg(6lbs) of water. Therefore, 


the life-support systems on board the ISS 
recycle asmuch waste as possible, ; 
including that from urine and 
condensed moisture in the air, both of 
deblolee-ba-Bolenans(cVee-beleBasblsctemeincyal 
after being broken down by electrolysis . 


to provide fresh oxygen. However, not all* 


water can be reused, and thus 
astronauts mustrelyonregular *~ 
re-supply vehicles to bring cargo to the 
station. These have been performed by 
several spacecraft over the years, suchas 


_ NASA’s Space Shuttle until its retirement 


beMLeUhiaxXeyuemo)vimnelcyva-Dacmelenniatsexc ay 


_ carried out by the ESA’s Autonrated 


Transfer Vehicle (ATV). The ATV brings 


fresh food, clothes, water and equipment ; 


to the station. Once the cargo has been 
delivered, astronauts fill the vehicle with 
5,896kg (12,998lbs) of waste and it is sent 
to burn up in Earth's atmosphere. 

These are just some of the many ways 
id otclmctsiuqevatcle lech ot-atencvol-yelccvemropaniuel 
space, and as more and more time is 
SJol=selmeyen del belxcyeetclaleyerel esjer-(ecrs) rm leey 
our capabilities to perform i ina a 
weightless environment will no doubt 


_ improve. The ultimate goal of sending 


Jaibbaatsbatsucod-va-tsit-)cey(oR-teloR\VEcbachbeuar= 


.- 2030S is looking like an increasingly" 


achievable objective thanks to the 
tireless work of space agencies 
worldwide over the last 50 years. 
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A DAY IN SPACE 


Here's how a typical day pans out for an astronaut on the Station 


' of every three days, but socks can be worn for up to a month, while 


The ESA-built Cupolaisa 
popular module where 
astronauts can geta 
fantasticview of Earth 





Astronauts aboard the ISS experience 15 ‘dawns’ every day, but : 
while they're on board the station they operate according to GMT so 
they can stay in direct contact with the ground-at fe) oysvectuteyatel maoletecs 


Daily conference/work | oo ° 
‘In the morning astronauts perform the first of their daily tasks 5 
assigned by ground control. They often have a daily conference 
fe where they discuss their jobs‘for the day. Their work consists of : 
a 4 « supervising experiments that would not be possible on Earth _ 
} or performing routine maintenance on equipment to : 
ensure the survival of the crew. On some days they take 
‘video calls from Earth. These are often’simply to friends 
» and family but, on.rare oceasions, they may talk to 
- schoolchildren, the US president or even the Pope. 
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Breakfast/getting ready 
Astronauts eat their first meal of the day, which is nothing like the” 
freeze-dried food of the Apollo missions. Fresh fruit and produce 

are stored on the ISS, while tea and coffee are available in packets. 
Astronauts can wear anything from shorts and T-shirts to trousers. 
and rugby shirts. However, there are no washing machines, so ; 
clothes must be allocated for specific days (although in sucha clean 

environment they pick up very little dirt). Most clothes are disposed 


a pair of underwear must be taken for each day on the station. 





Post-sleep seeeseueeenenenesent | ae 
_ Astronauts are woken up at 6am. On the ISS most astronauts have their 
-own sleeping compartments, small Spaces where theastronaut can lie 
vertically (although this doesn’t matter as there is no ‘up’ or ‘down’ on the 

* station). After waking they will get washed and dressed before eating 
breakfast, much like a regular day on Earth. There is a shower on the ISS, 
although most washing is done with a simple wet cloth. In the shower, 
water is squirted out from the top and ‘sucked’ by an airfan at the bottom, 
_ but water must be used sparingly. Grooming techniques such as shaving - 
— are difficult on the ISS, as surface tension makes water and shaving cream . 
stick to an astronaut’s face and the razor blade in globules. a 








DID YOU KNOW? The record for the longest extra-vehicular activity [EVA] is 8 hours and 56 minutes 





Physical exercise 


Astronauts must exercise regularly, at least 2.5 hours 
a day, to keep their body in optimum condition while 
in space. As explained previously, bones and organs 
_can become frail and weak in a weightless | 
environment: Therefore astronauts on the ISS havea 
variety of exercise machines, like treadmills and ° 
cycling machines, to keep them strong. 





sttteneeennennaess hisses pr No tods Lunch 


Prolonged microgravity dulls tastebuds, and the 
white noise doesn’t help (like being onan aircraft), 
so foods with strong flavours (such as spicy curries) 

are often the preferred choice for meals. 


i ae Back to work 


On rare occasions astronauts will 
have to leave the station on an 
extra-vehicular activity (EVA). For 
this astronauts will don a spacesuit 
and perform work outside the ISS. 
Before they leave they must exercise 
for several hours in a decompression 
chamber to prevent suffering from 
the ‘bends’ on entering space. Work 
outside the station ranges from 

~ maintenance to installing or 
upgrading a component. 


oC nn Me tas oat. Pre-sleep 


In the evening astronauts eat dinner in a communalarea. 
SMavisHie-VeBlenlolear-velmubesl-Bioacelet-ebel(ac-laslem-KKeirel 
many hours are spent.working alone onthe station. Before 
sleep, they also have a chance for a bit of entertainment, 
which can range from watchinga DVD to playing guitar. A 





come We ssasices eet : [ Sleep | 


‘In space no one can hear you scream, right? Well, in an 
orbiting craft, space is actually very loud, witha 
‘multitude of fans and motors ensuring that the space 
station remains in the correct operational capacity. At 
21.30pm astronauts head off to their designated sleeping . 
compartments to grab some rest and; while ne eed 

| these noises can take a while to get used to for 
astronauts staying on the station for the first time, much 
like living next toa busy main road on Earth. 
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On board the 


international 
Space Statio 





What's it like to live in space? 


an has had a continuous presence in 

space since 2000 on the International 

Space Station. In 1998, the Zarya 
saeTeXoRONCcmnYcclswt-lepelelelcrombelcone)ae)imeyyanels 
Russian Federal Space Agency. This was the 
first piece of the ISS. Now that it is complete, 
the ISS is the largest satellite to ever orbit the 
Earth. After being finished in 2012, the ISS is 
also arguably the most expensive single 
(0) o) (Yelm Con =11(=)  Ol-nee alsin avlccron-lmenle aon ser-bel 
$150 billion. 

The ISS wasn’t the first space station, 
however; in1971 the Soviet Union launched 
the Salyut, which was the first in a series of 
space stations. Two years later, NASA 
launched Skylab. However, both of these 
programmes were single modules with 
limited life spans. In 1986, the Soviet Union 
FeLebavedalstomuaCB\VGbomitsanlelamnlcclopealns)acelslomnen els 
built upon and added to over time. The United 
States planned to launch its own space 
station, Freedom, just a few years later, but 
budgetary restraints ended the project. After 
the fall of the Soviet Union, the United States 
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began negotiating with Russia, along with 
several other countries, to builda 
multinational space station. 

Until Expedition 20 in May 2009, crews on 
the International Space Station consisted of 
two-to-three astronauts and cosmonauts, 
who stayed for six months. Now the ISS is large 
enough to support a six-man crew, the stay 
has been reduced to just three months. The 
current crew consists of: NASA commander 
Barry Wilmore and flight engineers Alexander 
Samokutyaev (RKA), Anton Shkatlerov (RKA), 
Terry Virts (NASA), Samantha Cristoforetti 
(ESA) and Elena Serova (RKA). 

The crew typically works for ten hours a day 
during the week and five hours on Saturdays. 
DUD Gave al-yim=yeedalmcrel alcxonbl(-vomentcdelmelelebesmuasl 
crew sleeps in cabins while attached to bunk 
beds, or in sleeping bags that are secured to 
the wall. They also have to wear sleep masks, 
as it would be difficult to sleep otherwise with 
a sunrise occurring every 90 minutes. 

All food is processed so it is easy to reheat in 
aspecial oven, usually with the addition of 


water. This includes beverages, which the 
crew drinks with straws from plastic bags. 
Exercise is a very important part of daily life 
for the crew ofthe ISS because of 
microgravity’s adverse effects on the body. 
The astronauts and cosmonauts may 
experience muscle atrophy, bone loss, a 
weakened immune system and aslowed 
cardiovascular system, among other 

Jo) cele) (ayentsws Kop elcJhokeolbselccve-(emeeblsmiselcn@ aca’ 
exercises while strapped to treadmills and 
exercise bicycles. 

Research is the main reason for the station’s 
existence in low Earth orbit (about 330 
kilometres above the planet’s surface). Several 
scientific experiments spanning fields 
spalelielobuatea=toimae)eleveahvane) enya) (ecmpestsluclercuts 
science, earth science and biology take place 
on the station simultaneously. Between 
September 2012 and March 2013, for example, 
expedition crews (33 & 34) worked on over 100 
experiments ina wide range of fields, 
Jere Nav aubareme)ie)loycara-baleme)(ejnarelevere)lescayamnels 
earth and space sciences as well as 











technological development. The 

(ofo) alo lblerabalexeya=>.¢el-yauselsvelise-loyey-baenuels 
IRSpisKele)alubalelojetsmr-belemstsleemesleveinel 
oyabatsscpente)acy elele)btsiel-10B aasi-1-0 ae) amneley 

One of the over-arching research goals 
Hoyas elcusieslulevepicmnenlcr-beek-leyeleima als 
long-term effects of space on the human 
body. Many of the experiments also 
study the different ways things reactina 
low gravity, low temperature 
environment. There is an experiment 
involving the use of ultrasounds so that 
remote doctors can diagnose medical 
Jo) cole) (=e ebse (a alcvacm tsp ele ne (eleine)me)emeel=u toys) p 
with the hopes that the technology can 
also be used on Earth. 

WW atom boyoDispele\iiaclemeleimeeyecte)(cn-mu Wels 
salay.qmeoyasl oleyelcvelesmnenolce-lelelcen-bac 
Russia’s Nauka module, which has been 
repeatedly delayed, and the European 
RoboticArm, both scheduled for 2017. It 
is expected that the ISS will continue 
operation until at least 2020. 











ATV Dock 


The Automated Transfer Vehicle 
[ATV] is an expendable 
unmanned resupply vehicle 
developed by the ESA 


The ESA’s ATV Control Centre plans 

and monitors every movement of 
the ATV until it gets within a few 
hundred metres of the ISS 
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Zvezda Service Module 
After docking, the station’s crew water, oxygen, nitrogen and 
enters the pressurised module to === propellant. The latter is used 
remove the payload and then fill the [ja @ for orbit control, attitude, and © 
pressurised module with waste 7, boosting the station ne 


Mars, at netic’ 


Because the ATV 

cargo section is 

pressurised, the ISS 
| crew can enter 
without spacesuits 
to remove payload 


tracking equipment to 
align and automatically 
dock with the ISS. 
They also undock and 
send the ATV to burn 
up in Earth orbit 


The ATV carries around seven 
tons of payload, including 




















Transfer chamber 
This chamber contains 
computers and docking 
equipment. It can be used to 
dock with spacecrafts 


compartment 
Two crew members 
live, sleep, work and 
exercise in this 
ompartment 


Facilities 


The Zvezda contains a 










: toilet and hygiene facilities, 
, = as well as a kitchen with 
< freezer and refrigerator 
y © 
a External 
\ handrails 
f The handrails are 
ee As Transfer compartment used during 


The transfer compartment contains 
three docking ports. Currently it is 
docked with the Pirs and the Poisk 


spacewalks, or 
extra-vehicular 
activity (EVA) 


— ae 





‘. a 
Yi . — 
5 hy 
- a ” 





Module 


The Zvezda was the third : \ \< \« > 
module to dock and provides life Se 
support systems for the ISS 
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acewalk during the 
ISS‘s construction 
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The Columbus is a research laboratort 


designed by the ESA - its large 
gaEbugan to the ISS 
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/ External payload 






SY , Anexternal payload facility : b ae = 
> ‘& houses three sets of | Tac == 
=. \_» | instruments and experiments, ° = 


In the Space Station Processing Facility 
at NASA‘s Kennedy Space Center in 
Florida, a crane lowers the Multi- 
Purpose Logistics Module Leonardo 
toward the payload canister 
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The ISS currently comprises 15 pressurised modules 
and an Integrated Truss Structure. The modules are 
contributions from the Russian Federal Space 
Agency (RKA), NASA, the Japanese Aerospace 
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Exploration Agency (JAXA), the Canadian Space Anays | Slr Apt af Net Remote Manipulator System 
Agency (CSA) and the European Space Agency (ESA), oe Se ca, a caoaimen ais he Sapa 
which includes 18 member countries. A series of Giles ete 
complex treaties and agreements govern the oat Ud Sissies magi 
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ownership, use and maintenance of the station. A 
further four modules are scheduled to be added. 
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DID YOU KNOW? The Columbus Module was also made in Turin, Italy, dlang with the Harmony and Tranquillity modules 












_ Anatomy of the 
= Space Station 


The ISS is a configuration of 
modules, trusses and solar arrays 









< \“\ Payload racks 

_ These racks hold science 

‘equipment and 
experiments. Half of the 


space is allotted to NASA 
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Harmony 
The Columbus is 
attached to the NASA 
Harmony node module 


water in 
space 


For the crew ofthe ISS it’s 
better not to think where 
their next glass of water is 
coming from 


The ECLSS (Environmental Control and 
Life Support System) provides water 





with the Water Recovery System (WRS). 


Water from crew member waste, 
condensation and other waste water is 
distilled, filtered and processed. This 
water is then used for drinking, 
cooking, cleaning and other functions. 
An Oxygen Generation System (OGS) 
separates water into oxygen and 
hydrogen. An experimental Carbon 
Dioxide Reduction Assembly (CReA) 
uses the leftover hydrogen with carbon 
dioxide filtered from the crew cabins to 
produce usable water and methane. In 
addition, the ECLSS filters the cabin air, 
maintains cabin pressure and can 
detect and suppress fires. 
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1. Zarya 
The Zarya, launched in1998 and built by the RKA, is 
nowastorage component. As the first module it 
provided storage, power and propulsion. 

2. Unity 
Built by NASA and launched in1998, Unity was the 
first node module to connect to the Zarya. It provides 
a docking station for other modules. 

3. Zvezda 
The RKA-built Zvezda launched in 2000. It made the 
ISS habitable by providing crew cabins and 
environmental control as wellas other systems. 

4. Destiny 
The Destiny isa NASA laboratory. Launched back 
in 2001, it also contains environmental controls 
and works as a mounting point for the Integrated 
Truss Structure. 

5. Quest 
The 2001 NASA-built Quest is an airlock used to 
host spacewalks. The equipment lock is used for 
storing the spacesuits, while the crew lock allows 
exit to space. 

6. Pirs 
Amini-research module called Pirs was launched in 
2001 by the RKA. It can dock spacecraft and also host 
spacewalks by cosmonauts. 

7. Harmony 
Harmony, built by NASA in 2007, isa node module. It 
serves asa berthing point and docking station for 
modules and spacecraft. 

8. Columbus 
The Columbus, launched in 2008, isan ESA 
laboratory specifically designed for experiments in 
biology and physics. It provides power to 
experiments mounted to its exterior. 

9. Kibo Experiment Logistics Module 
This JAXA module (also knownas JEM-ELM) is part 
ofthe Japanese Experiment Module laboratory and 
was launched in 2008. It contains transportation 
and storage. 

10. Kibo Pressurised Module 
Also launched in 2008, the JEM-PM is a research 
facility and the largest module on the ISS. Ithasan 
external platform and robotic arm for experiments. 

11. Poisk 
The RKA-built Poisk (MRM2) launched in November 
2009. In addition to housing components for 
experiments, it serves as a dock for spacecraftanda 
spacewalk airlock. 

12. Integrated Truss Structure 
The ISS’s solar arrays and thermal radiators are 
mounted to this structure, which is more than100 
metres long and has ten separate parts. 








13. Mobile Servicing System 
Also knownas the Canadarm2, this CSA-built 
roboticsystem used to move supplies, service 
equipment and assist astronauts on spacewalks. 
14. Special Purpose Dexterous Manipulator 
The SPDM, or Dextre, isa robot built by the CSA and 
is extremely dextrous. It can perform functions 
outside the ISS that had previously required 
spacewalks to happen. 

15. Tranquillity 
The Tranquillity is NASA’s third node module, and 
was successfully launched in February 2010. It 
contains the ECLSS as well as berthing stations for 
other modules. 

16. Cupola 
The seven windows ofthis observatory module, 
launched with Tranquility in February 2010, make it 
the largest window ever used in space. 

17. Rassvet 
Launched in May 2010, thissecond RKA 
mini-research module also serves as storage. 

18. Leonardo 
Apressurised multipurpose module, the Leonardo 
was installed in March 2011. It serves asa storage 
unit and frees up space in the Columbus. 

19. Nauka (MLM) 
Scheduled to be launched with the European 
Robotic Arm in mid-2013, this multipurpose 
research module will bea rest area for the crewas 
well as doubling up asa research laboratory too. 
20. Solar Arrays 
These arrays convert sunlight into electricity. There 
are four pairs on the ISS. 

21. Thermal Radiators 
The Active Thermal Control System (ATCS) removes 
excess heat from the ISS and vents it out into space 
via these radiators. 


—— SS 
The ISS in early SS 
construction - a. a 


while in orbit 
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The Statistics 


The ISS 


Mass: 419,455kg 

AV(o) [UT na t=Meoy mm al-]o)ie-] 0) (-B- oy- (ech 
388 cubic metres 

Supplies: 2,722 kilograms per 
expedition 

(O] 9) | ear-KOVAvon-WAc) <nnuallelakclmrela 
angle of 51.6 degrees, travelling 
at 27,/44kph, completing 15.7 
orbits per day 

Gravity: 88 per cent that of 
Earth sea level 

Cost: US Government 
Accountability Office estimates a 
total of $100 billion (approx. £62 
billion). ESA estimates a total of 
100 billion euros (approx. £81 
e)iiiteyay) 

(OF =\11-I0) 0) ole) g eC ROLOOne 
ground personal, 500 
contracting facilities in 37 states 
and 16 countries 

Spacewalks: 28 shuttle-based 
and 127 |ISS-based for more than 
973 hours 

Meals: About 22,000 consumed 
olan eley-l ae! 

Flights: 35 NASA space shuttle, 
2 RKA Proton, 27 RKA Soyuz, 1 
ESA Automated Transfer Vehicle, 
1 JAXA H-Il Transfer Vehicle 

WV [esol aMexelaiice) Manlelalixelalale 
centres: 2 NASA centres, 

1 RKA centre, 

1 ESA in Germany, 

1 ESA in France, 

sl AV.@ewexslaiiasy 

1 CSA centre 
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oday Mars is dry and barren. Barely any water flows 
on its surface and the air is thin and poisonous. But 
once upon a time, Mars was wet, possibly warm 
and could even have been home to microbial life. 

In 2004, NASA landed two robotic rovers called Spiritand 
Oj ejorevandbabiniaeyew\Ve-vesmr-baleBcolepelsmaevarelUtsyaycncavsle(-elacnaerait 
water once ran on Mars’ surface, perhaps as recentlyasa 
few million years ago. What scientists wanted to know next 
was whether this water contributed to an environment 
idatsimamelvdComci0)e) ele) am Duccmcronnel-yiacycvalm,belelm els) @aeni(-) emual= 
largest ever sent into space, to answer that question. 

Curiosity is about the size of a family car. It is controlled 
by engineers back on Earth, whose commands can takeup 
to 20 minutes to travel to Mars. Curiosity’s computer brain 
uses software called AEGIS to identify objects of interest 
and to avoid hazards, such as steep slopes, large boulders 
or ditches, without scientists on Earth interfering. 

Curiosity’s rocker-bogie suspension system allows it to 
climb over obstacles while keeping all six of its wheels on 
the ground. The rover has 17 ‘eyes’ - a system of cameras 
dotsimersDomer-)e)avback-Maebacromonbesl-velssleyetcUmentclokevmuelcnecvec.bee} 
within three metres (ten feet), which helps Curiosity judge 
the distance to obstacles in its way. 

WM olcxremncrel ob ele) (oyea(ercUBDavalercsluleyalcpelcllonueelam@elele sina: 
scientific goals. These include finding the chemical 
building blocks of life, investigating the mineralogy of the 
WWEVautcboucbbetclace-Delomenlcrckjopabaremecloltclulejee-Daromelmelcye 
(ole) aLo btm Cojelspeemmelewslnaatelcje) secon 
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Arrival on Mars 10-13 August 2012 ¢ 1g ALIGEEL F108) Fs 
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is dubbed ‘seven minutes of " New software, uploaded Curiosity uses the laser that’s 






reclacelemmicreiallatare during the rover’s flight part of its Chemistry & 
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parachutes, retro make Curiosity better at TasitaUlan(claimiclmeatsWilecis 
rockets and a ‘sky spotting hazards as it time to analyse the 
crane’ to lower the drives along fro) eesti tlelamol i= 
rover to the surface basaltic rock called 
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e2 August 2012 
On the road 
Curiosity sets off, 
(olfanvdlale ma] aelelavem-lare! 
=>-¢0)(olal are mince r-lareliare 
site, known as 
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DID YOU KNOW? It is estimated that Mars once had enough water to cover the entire planet in gn ocean 140m [459ft] deep 








ChemCam 


This laser zaps a target such as a We) pot could LYS i The view from within _ 


rock, heats it and creates a burst of ——— = erent Bay 






vapour. ChemCam then studies this SU a)ele)mrsve This z = — : 


vapour and identifies elements within it. Is there. or has there ever been. life on : ee =; 






































Mars? That’s the big question. Scientists a 2 
Navcams think that the Red Planet is lifeless now, but —™ ; an 
A stereo pair of cameras provides a Tam uatee eyo |erole] (eM ar-\V-Mar-leR-Melllaar-lncMuar-le | ee 
view of the landscape to aid navigation. VZol0|(oM atch eMcie] ©) ole) ac-vomanlielce)e)i-lMIli- Mem mal= “Se ae 
evidence for this comes from ‘tasting’ the 3 (lay ee wea , 
REMS > maa) lat-lec) owelalem=)slaalslaiecmeve)avecliav-emiainallamuar= oe 
The Rover Environmental fel famrcl ale | ame) (eM cele) <mantlumce)aant-\emVUal-lallV/ (les = a a 
~ Monitoring Station (REMS) is a weather may have been habitable. Curiosity has CS ee : Ss = 
"~~ __ Station, able to measure temperature, ~ found the likes of sulphur, nitrogen, = a m a 
+, air pressure and wind speed. Ban cclacyel-\almoa'ce(-talmolalesolarelcellicw-laleKer-laelela ; a ee Sa 
bere TaN Velaurlau cote) emctolaa\-Me)ikapl-tocWall <oRst] lo) al0 le ; ae. errs 
ae aerate SAM Fe] aloma\ve|nele(=la Mire] a= mce lee Mike) al gal(elge)el-son r = — 
ar See The Sample Analysis at Mars oxygen is a possible by-product, while ; = re ES ae 
= (SAM) instrument suite looks for the or-ta elelaMmalinceye|-lale-larel olatesste) alelaele ice] ac) a = = Instruments 
© chemical building blocks of life inrock |) BR aveYevaectayal sf¥lilel aten ol lolol ecu velatetlloir-late DIT tas ‘= used: -* —~— — 
and dirt samples. PEBealostinvacolelatehunt-ts-¥ \act-lanle)i late! a3 = “ae 
sedimentary rock in a region called ae Sai 
Mastcam DR Clon callicut a idatclcce ese liccmlatelCerelcoM tari: a Se en a 


The Mastcam takes colour video liquid water was once present. 
/ and images of the terrain, stitching 
», them together to create panoramas. . ls 


CheMi Sr ) = = 
Toceueet Mineralogy i Bye(tive W ter exists below the surface 


2 instrument (CheMin) analyses various 




































































The rovers Spirit and 
Waal miner's: onan vers is Opportunity were able to 
(olUle] ala kom atehYZ= 
UHF antennz ran tune eae renee 
ne SS) The ultra-high frequency antenna of water ; y . g tt eee 
sends all the data and images back to inte, Wee uns oe SU STII ' a 
a. eee ri Wanless) e)al=) comm aaictel alae Wtelaecm Nels he y : 
ee foyatex=m'c-]annlcler-]alem ar-lem-malle|aicie <2 
oer DAN surface pressure. Curiosity has 
Fie Pathanneribatlo ohiNelittors found that its landing site used St 
(DAN) ins?fitylentioake forthe to be a freshwater lake and that ‘ae 
“s apeemhes of water Ve] X=) a 8) FohVeXemr- Maat-](e)@uge)(-Mia 
"a AS P (ol cate 1H ale mexe) ale lia (e)atcmcielit-]e)(=miele 
: High-gain antenna ne » cen oran te We 
PS Cone are uplinked to the 5 ‘. MENG AER USE EEE myles ‘ =~ ~ 
CO ™ rover via the high-gain antenna on a : been lost to space, but WafSe 5 
Pee daily basis. Pi still plenty on Mars. Most of it is 
x ny Sy. . locked up as ice in the polar 
7S = | 1 MARDI Caps, or as permafrost just 
e : The Mars Descent Imager Sole Mie Se aaa 
(MARDI) took images of the surface to SMAI the at MD A 
direct Curiosity to a safe landing. poles to the Bulle eh Mel. 
However, recently Curiosity 
RTG discovered evidence that water 
1 The radioisotope thermoelectric Instruments could still exist in a liquid . MEM 
_ generator (RTG) uses plutonium fuel to ; used: SHE ate iueloe. sel eiculls 






speculate that the water would 
oX=W <=) 0) mm (e101 (em oy o>) /ale maald.care! 
with perchlorate salts, which 
could act like an anti-freeze 

(o fo) VAVa lm KOM] 010] ale Mer AOMe(=\e] a=\=1—) 
Celsius (94 degrees Fahrenheit). 








| produce the electricity Curiosity needs. 


1 RAD 

The Radiation Assessment 
Detector (RAD) measures and identifies 
_ any high-level radiation. 
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Radiation could 
endanger humans 


NV Felacm cere me te] are(=)qe)0 komo) (eMke)au alll aat-lalcem-lalemelal-mei 
the challenges that astronauts will face when they 
1a TateliNvatelaceme)amdarcw acc\om od t-lalcimmiomexe)e)ialemyV/idamaal= 
ieelel fel d(o)amige)aams) ey-(exsm lal il com te] ada Pm f-] ecmelel=som aleve 
ate Nic Wren 4a) (o1,@r-1 00 aes) 0) a(=1aoMe) ar-Waal-lel acid (omia(=)(emne) 
deflect away radiation, which mostly comes from 
the Sun, or from cosmic rays. However, Curiosity’s 
Radiation Assessment Detector (RAD) has found 
that the exposure on the surface is not as bad as in 
space. During the first 300 days of the mission, 
RAD measured the daily radiation dose to be 0.67 
millisieverts per day. In space the daily dose is 1.8 
millisieverts, meaning astronauts are most at risk 
when travelling between Earth and Mars. 


Mars was once warm and wet 


WEN asMopaleccm ot-Com-Weelelvemmodlelccyar-lasslesje)asas 
than it does now, providing the surface 
pressure and warmth for liquid water to exist. 
However, over billions of years, Mars’ 
atmosphere has been lost, as the planet’s 
gravity has not been strong enough to hold 
onto it. In particular, solar wind has stripped 
away the upper layer of the atmosphere. 

Curiosity has been able to determine the rate 
(oy (ohstsMoy MVE Dacmr-mselessjoyalsyacmehvmsilcrstsiepeners 
xenon gas in the atmosphere. Xenon can exist 
as different isotopes — versions containing 
ORbNCcyacyolmelovendol-yacme)mal=ieloqe)etseer-elommel-Be-1a (Okey 
these isotopes changed as some were 
preferentially removed from the atmosphere. 

Similarly, scientists have calculated that 
Mars has lost 87 per cent of its water by 
comparing the ratio of normal water, with 
oxygen and hydrogen atoms, to ‘heavy’ water, 
with oxygen and deuterium atoms. Normal 
water is lighter, so escapes more easily. 





(CTe=WV{=) ir] ale cele |ave(=tom ol-10)0)(=s-em=)anlelsvelel=vomlamcx-vellant=lalt-lag 
bedrock, are evidence for the action of water 


Radiation levels 


Earth shields us from 
laateysimme) mualsma-lelt-lale)a| 
Tas) y= (exs¥m ol Ul mmcie) pals 
cosmic rays are able 
to pierce our 
protective barrier. 


ptelel fe] d(e)a me) am t-] adam] are| 
NVFelase (ol=ko1 a mam LU ci mroxe) a ats) 
from space. Rocks 
forelalir-lialiarem eele|ley- (elas 
isotopes emit radiation 
as they decay. 


PANSiuge)al-lUlacm lam at-|auame)ae)is 
are at greater risk of 
exposure to space 
radiation because they 
are outside of most of 
Earth’s atmosphere. 


Instrument 
used: 
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The Red-and-Blue Planet? 
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Core) 
At the planet’s poles 
are ice caps, made 
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dioxide-ice (known 
as dry ice) and 
water-ice 
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Instrument used: 
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Curiosity celebrates a 
Were] are) am \V/ fel ecm areValare] 
returned almost 24 
gigabytes of data to 
Earth, 36,700 images 
relate melaiVicla ire ke) =] me) ie) 
i fe)aatsinastom(oatsmaalit=)) 
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5 December 2013 


i Kole elele iy 4-) oy= 


Curiosity fires its laser 
for the 100,00Oth time 
mare] alate | (ors) a(e)a me) im ale)" 


busy it’s been since the 
rover landed! 






g December 2073 
etclelrele(elamurclaaliare 
Nansl au aalstessiel alate mual= 
ig-le[Fo1ue) pe) am\V/-]e>m ke) are)\(=1 are | 
year with Curiosity, 
scientists reveal that 
astronauts on the surface 
will receive less than half the 
radiation exposure they will 
get in space 
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24 June 2014 

A Martian year 
OUT (ossyimVaoxe) gale) (sass 
a full Martian year, 
Vial (elem icMets¥ Aa ate] qua) 
days, on the surface 
of the Red Planet 
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11 September 20149 8 December 2014 


Mount Sharp 

yAN aks) axel divi ale mine) am be) 
months, Curiosity finally 
arrives at 

the slopes of 

Mount Sharp 
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to Mars 





SAM 


Ocean 
There is tentative 

rile (s)aexsWn ke) mrelamelarel(slais 
Se) a=ll larewrelale ire lamelexsy-la) 
that filled much of the 
rave) adat=laamalslanlise)aicias 


Impact basin 

Hellas Basin is a giant 

Tan) ey-(o1msiugU(e1lUla=iel\V/(-laoM 
Xoo hdars)aamalslaaliselalclacy 
which scientists think was 
once filled by a giant lake 


How water shaped 
a mountain 

Curiosity finds 
sedimentary layers in 

NV Col UT a) aes) at-1a opm) ate) late] 
that the mountain was 
built gradually in a deep 
lake that filled Gale Crater 
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Methane 
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How to lose methane 
\V/Cedu ate] alam atelowre cielo) am licsiaiaals) 


va ihe .. -~ in the atmosphere - sunlight 
: ee / a can cause it to oxidise into the 

feo + WV Ceidare lars Sa; mA. 
ss - »” clathrate (or-] a olelamel(oyd(e(-muar-lm(omalalem ia 
) Wy } i | ro] ge (=) NV Felacwarch aa aress) ®)alslace 
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‘O] cer Talromante)(sxeel(stow-l are! 
compounds, which are materials 
uate] Meco) pi t=] | amore] a ele)al-lalem-la-mclays 
UTS%o1 0] Mxe)am [1R=Mm atchVom ole\=)a cele arom ial 
Martian rocks. The rover used its 
drill to dig into a rock that has been 
ral kerdatelaat=cemm@selanlelsial-lavemr-laremmalsial 
sampled some of the powder 
fe) gele|U(exzvom o)Vadat=meldliiialep 
Unfortunately however, Curiosity 
has been unable to identify the 
exact nature of the organic 
molecules in the powder because 
their chemical structure was 
altered when they were heated by 
the SAM instrument. 

However, one example of an 
fo) ce }- lal (om pate) (s\e10] (=m pallid ar-lalcem atch 
been detected by Curiosity. On two 
occasions, once during late 2013 
and again early in 2014, the rover 
detected a spike in methane levels 
in the atmosphere. Methane is 
short-lived in the atmosphere, so 
nye\e Kom oX- =) | alem ©) cole [U(oxsvom a=) (-1UhZe) AV 
nearby. Living things can produce 
methane, but it can also result 
1 ge) aame(=1e) ole] [or] 9) geler=i-s-{-s-mn KOLO MmAN 
the moment the jury is still out on 
1 nvowela(ellame)mualsmaal=idal-lal=eere 


aca “ue ,' | " xe a fete) (oXe) for=] Relale lla Maat Waatecsim lL <eNA 
“Instrume an eee Nob r ray, | + q ar but scientists cannot yet rule out 
» | < ‘ a the possibility that the methane is 
! *». being produced by microbes. If it 
S Microbes fo] TT ate Cxeles,@) Water is, then that would be an 
Ysa nolUlalelialeme| vere) V21 ave 
Methane Wind action Ulave(elrelceltiare Geology Ultraviolet |si(e)(eye] ore] Mo) a ecessos— 
fAWaat=luatelalsy It is thought that Methane may be trapped in icy iC (Ye) (ole) (or-] fr- (ol 10) Kore] r=] S50) UMA lfelalmicelaamtalcwole amore] (ef e)gelele(e=) NW/FeladfelaWantcitarelarsxexellre| 
molecule is formed methane is lattices called clathrates. When the create methane. Liquid water methane by inducing reactions with potentially be created by 
1ixe)aake)aeker-]aeye)a) distributed across clathrates melt due to seasonal under the surface can react either organic material on the biological processes, a 
Fe) Keyan lalemrelelg the Red Planet by temperature changes, the methane with the mineral olivine, found surface or in cosmic dust falling result of being generated 
hydrogen atoms. Martian winds. leaks out through cracks and vents. in rocks, to create methane. through the atmosphere. by tiny microbial life-forms. 


“ROCKY Buttes’ = a ron | 
“sedimentary layers on the— — Se — 
foothills of Mount Sharp: _ er 





16 December 2014 24 March 2015 24 June 2014 
Methane I Tidgeye (aya) Martian year 

Curiosity detects a After heating a The Curiosity rover 

ten-fold spike in sample of (ore)ga}e)(o1kste mr M\V/t-] autre] am’ (et-] mele 
methane in the sedimentary oe ee 687 Earth days after finding 
atmosphere surrounding material from Mount. sane te out that Mars once had 

it - but is it geological, Sharp, Curiosity . Yanvdlaelalani=aiie| mexe)ateliaie)ars 

fo) moro) 0] (eM lm al-\Viemre (of=1ncteamom e)(@)(0le| [er] hz if-)Vel0]e-]9)(-mxe)manl(eigele)-]mline) 
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5 AUGUST 20717 
Five years on Mars 
The Curiosity rover 
celebrates its fifth 

uw FelalelhVicl act-] Vane) a uals 

Red Planet! 


© NASA; JPL; Caltech 
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SCIENCE 


Modern rocket science was used in entertainment and 
weaponry, long before the realms of space travel 


ocket science has been around since the 280s BCE, when 

ancient Chinese alchemists invented gunpowder. 

Initially used in fireworks, gunpowder was soon put to 
use in weaponry as fire-arrows, bombs and more. Through the 
centuries, rockets continued to be used as weapons until the 
early 2oth century. In 1912, Robert Goddard built the first 
liquid-fuel rocket (previous rockets were solid-fuel) and began 
the age of modern rocketry. To date, there have been about 500 
rocket launches from NASA’s Cape Canaveral, and more than 
five thousand satellites launched by rockets from spaceports 
around the world. 

While the term ‘rocket’ can be used to describe everything 

from cars to jet packs, most of us think ‘space travel’ when we 
imagine a rocket. Most rockets follow the same basic design. 


Typically they are tube-like in shape, with stacks of 
components. Rockets carry propellants (a fuel and an oxidiser), 
one or more engines, stabilisation devices, and a nozzle to 
accelerate and expand gases. However, there’s a lot of variation 
among those basic elements. 

There are two main types of rockets: solid-fuel and 
liquid-fuel. The former have some similarities to those early 
gunpowder rockets. For space applications, solid-fuel rockets 
are often used as boosters to lower the amount of needed liquid 
fuel and reduce the overall mass of the vehicle as a whole. A 
common type of solid propellant, used in the solid rocket 
boosters on the NASA space shuttles, is a composite made of 
ammonium percholate, aluminium, iron oxide and a polymer 
to bind it. The propellant is packed into a casing. Solid-fuel 


DID YOU KNOW? Advances in gunnery left rockets forgotten until an Indian prince used them in the Mysore Wars (late 1700s] 





rockets are used alone sometimes to 
launch lighter objects into low-Earth 
orbit, but they cannot provide the type 
of overall thrust needed to propela 
very heavy object into Earth orbit or 
into space. They can also be difficult to 
control and to stop once ignited. 

The difficulty in getting offthe 
ground is due to the strength of Earth’s 
gravity. This is why thrust-arocket’s 
strength - is measured in pounds or 
Newtons. One pound of thrust is the 
amount of force that it takes to keepa 
one-pound object at rest against 
Earth’s gravity. A rocket carries fuel 
that weighs much more than the object 
that it’s trying to move (its payload -a 
spacecraft or satellite). To understand 
why, think about what happens when 
you blow up a balloon and then release 
it. The balloon flies around the room 


because of the force exerted by the air 
molecules escaping from it. This is 
Newton’s third law in action (see 
boxout on the following page). But the 
balloon is only propelling itself; 
rockets need to generate thrust greater 
than their mass, which includes the 
weight of the fuel. For example, the 
space shuttle in total weighs about 4.4 
million pounds, witha possible 
payload of about 230,000 pounds. To 
lift this, rocket boosters provided 3.3 
million pounds of thrust each, while 
three engines on the main tank each 
provided 375,000 pounds of thrust. 
Liquid-fuel rockets have the benefit 
of losing mass over time as their 
propellant is used up, which in turn 
increases the rate of acceleration. They 
havea higher energy content than 
solid-fuel rockets. Typically they 


consist ofa fuel and an oxidiser in 
separate tanks, mixed ina combustion 
chamber. Guidance systems control 
the amount of propellants that enter, 
depending on the amount of thrust 
needed. Liquid-fuel rockets can be 
stopped and started. 

Launch location can also help 
rockets become more efficient. 
European Space Agency member 
country France chose to builda 
spaceport in French Guiana not only 
for its location near water, but also its 
location near the equator. Launching a 
rocket near the equator, in an easterly 
direction, makes use of energy created 
by the Earth’s rotation speed of 465m 
per second. This also means that 
putting a rocket into geosynchronous 
orbit is easier, because few corrections 
have to be made to its trajectory. 


Escape velocity How rockets break free of Earth’s gravity 


as escape velocity. At this speed, the 
force of gravity will never be stronger 
than the force causing the apple to 
move away from Earth, and so the 
apple will escape Earth’s gravity. 


Throw an apple into the air and it 
will keep travelling away from 
planet Earth until gravity overcomes 
the force of your throw. At this point 
the apple will fall back down to the 


Escapin 
aor bonlies 


Escape velocity depends 
on the mass of the planet 
or moon, meaning that 
each planet’s escape 
velocity is different 






Mass (Earth = 1): 


0.00015 With enough velocity, 
Escape velocity: the object reaches the gage 
1,430mph (2,301kph) horizon, at which point = 2 


the ground ‘falls away’ asi 


2. Mid-range 
The greater the object’s speed, 
the further it travels before 
returning to Earth (falls at the 
same rate of acceleration) 


3. Long-range , pi —e. 


ground. If, however, you launched 
that apple from a cannon ata speed 
of 25,000mph (40,000kph) - that’s a 
nippy seven miles (11km) per second 
—the apple will reach what’s known 


1. Gravity 

An object fired from a cannon 
is returned to Earth by gravity, 
in the direction of Earth’s core 


// 
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(due to Earth’s curve) 
and the object travels 
further before landing 






Mass (Earth = 1): 
0.012 

Escape velocity: 
5,320mph (8,561kph) 





At this speed the object’s 
gravitational fall is 
balanced with the 
curvature of the Earth 


\ IS 


6. Circular orbit 
The object travels so fast it 
falls all the way around the 
world. It is now in orbit 


aN 
7. Elliptical orbit 











1 
Escape velocity: 
25,038mph (40,000kph) 


Mass (Earth = 1): 


333,000 Object speed is greater than 
Escape velocity: orbital velocity but less than 
1,381,600mph escape velocity. The object 

(2,223,469kph) continues to circle the Earth 
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5. Orbital velocity | : 


Escape velo 
; At escape velocity, the 
— 4 object will break free of 
Earth’s gravitational pull 
















>Newton’s 
cannon 


How an abjects 4. Half orbit 
veloci ty h e [ps It Earth’s surface falls away 
escape Earth's from the object nearly 


ravitational pull 


equal to gravity’s rate 
of acceleration 


© DK Images 


Liquid-fuel 
rocket 





The components 

of a liquid fuel 

rocket and how 

P \ they work 


ie 


oa, 


Fuel 

Common fuels used 
today include 
kerosene (RP-1), 
liquid hydrogen 

and hydrazine 





















Oxidiser 

The oxidiser may be 
liquid hydrogen, or in 
the case of hydrazine, 
nitrogen tetroxide 


a 


Pumps 

These pumps move 
the fuel and oxidiser 
into the combustion 
chamber 


Combustion 
chamber 

Jets of fuel and 
oxidiser meet 
here, where their 
ignition creates a 
high-pressure 
stream of gases 


Nozzle 

The gases are 
further accelerated 
in the nozzle, which 
directs them from 
the engine 





The three 
laws of 
motion 


Rockets have been around for 
thousands of years, but the science 
loX=) avbaCOMMelsveomnicclsveMmunere(-yacirerere| 
until Isaac Newton’s 1687 book 
Philosophiae Naturalis Principia 
Mathematica. Init, Newton 
explained three laws that govern 
motion ofall objects, now known as 
Newton's Laws of Motion. Knowing 
id alarsrou CM Vcwatehicweetelelsmentere(syae) 


rocketry possible. 


The first lawstates 
that objects that are 
at rest will stay at 
rest, while objects 
idotclarshacpnemenceluleyel 
YUU ESI ec\vatewselejaleyel 
unless an external, 
unbalanced force 
acts uponit.A 
rocket is at rest 
* untilthrust 

unbalances it; it 
will then stayin 

©) motion untilit 

} encounters another 

unbalanced force. 


Force equals mass 
times acceleration. 
Forceis the 
pressure from the 
explosions. It 
accelerates the 
rocket’s mass in 
one direction and 
idelepactetooneyad el 
expelled gases in 
the other. Mass 
decreases as it 
Jolthestsaeie) 
propellants, while 
acceleration 
increases. 


The third law states 
that for every 
action, there isan 
equal and opposite 
reaction. Whena 
rocket launches, 
ida tcxs(e1m (0) 0B ond elenexsls 
expelling from its 
engine. The rocket 
- movesinthe 
opposite direction, 
which is the 
reaction. To lift off, 
delendebautsimeslvrsimel= 
greater than the 
rocket’s mass. 





Rockets like Saturn V, the one 

used to launch NASA's Apollo and 
Skylab programs, are multi-stage 
liquid-fuelled boosters. The Saturn V 
is considered to be the biggest, most 
powerful and most successful rocket 
ever built. Itwas110.6m tall, 10.1m in 
diameter and hada payload of 
119,000kgs to low-Earth orbit. 

There were three stages, followed 
by aninstrument unit and the 
payload (spacecraft). The total 
mission time for this rocket was 
about 20 mins. The centre engine was 
ignited first, then engines on either 
side ignited. The first stage lifted the 
rocket to about 70km and burned for 
2.5 mins. When sensors in the tanks 
sensed that the propellant was low, 
motors detached the first stage. The 
second stage continued the trajectory 
to176km and burned for six mins. 
About halfway through this stage’s 
ignition, the instrument unit took 
control of calculating the trajectory. 

Second stage complete, solid-fuel 
rockets fired it away from the third 
stage. The third stage burned for 2.5 
mins and stayed attached to the 
spacecraft while it orbited the Earth, 
at an altitude of191.2km. It continued 
to thrust and vent hydrogen before 
ramping up and burning for six more 
minutes, so the spacecraft could 
reacha high enough velocity to 
escape Earth’s gravity. 





Crawler ym Ay 
Transporter TO ce, | ew 
This tracked vehicle ee) Fe 
moved spacecraft iar i er if 


from the Assembly + 
Building to the launch 
complex along a path 
called the 

Crawlerway, and then 
moved the empty 

MILP back to the VAB 

























Launch 
Umbilical 
Tower 

Built as part of the 
MLP (but removed 
and installed 
permanently at the 
launch site for the 
shuttle missions), 
the Launch Umbilical 
Tower contains 
swing arms to 

access the rocket, a 
crane and a water 






























suppression system 

Payload 

The Saturn V payload was 

either Apollo spacecraft or == 

the Skylab space station. — 

With the former, it carried i 

both the Command Third stage 

Service Module (CSM) and The third stage is S-IVB. It only 

the Lunar Module (LM) had one engine but also used 

liquid hydrogen and liquid 

. oxygen. Fully fuelled, it 

Instrument unit weighed 119,000 kilograms 


The instrument unit, 
containing telemetry and 
guidance systems, 
controlled the rocket’s 
operations until the 
ejection of the third stage 


Second stage 

The second stage, or S-Il, also 
contained five engines and was 
nearly identical to the first stage. 
However, it was powered 

by liquid hydrogen and 

liquid oxygen and weighed 
480,000 kilograms 


First stage 

The first stage was also 
known as S-IC. It 
contained a central 
engine, four outer 
engines, RP-1 fuel 
(kerosene) and liquid 
oxygen as the oxidiser. 
Fully fuelled, it weighed 
2.3 million kilograms 






: = © DK Images 


Mobile 
Launcher 
Platform 
(MLP) 

A three-story 
platform designed to 
support and launch 
the Saturn V (and 
later, the space 
shuttle). Spacecraft 
are built vertically, in 
a ready-for-launch 
configuration, in the 
Vehicle Assembly 
Building (VAB) 
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6. Payload launched 4. Third stage Here the Apollo 6 flight is 


Ariane’s payload, a satellite, is released by This third stage is 


shown between its firs 
steel springs. The rocket is also capable of known as the storable - 
carrying and launching dual satellites and propellant stage. It 
also delivered a spacecraft to the contains two propellant 
International Space Station tanks of nitrogen 
tetroxide and hydrazine, 
which feed an engine 
> that provides the energy lo [batemeaeye ellant 
Com. to release the payload rockets have 
come a long way 
since their 


inception... 


\ 








5. Fairing STS 
The fairing protects NASA's Space 
clears Set ee | ee 
: . ese solid rocket boosters provide ystem, which took 
ees ane 3. Main stage 110 tons of thrust. At an altitude of the shuttle into orbit, 
acoustic pressure Ariane’s main, or second, stage 6Okm, about 130 seconds after was retired in July 
during launch. It falls © comprises two separate compartments, liftoff the boosters are spent and 2o11aftera mighty 
off about three containing liquid oxygen and liquid detach from the main stage 135missions 
minutes after liftoff, | hydrogen. These power an engine that 
at an altitude of burns for ten minutes until the stage EG ISEE EP CESS SE 
about 100km separates, at an altitude of 145km 


Saturn V 

The most powerful 
space rocket to date, 
Saturn Vwas tallerthan 
eM Tomcineyayaelbnlconbaree- beret 
launched every Apollo 
Moon mission. 


SS 


Multi-stage rockets are multiple rockets (each with their own 
engines and fuel systems) stacked on top or beside each other. 
Sometimes this assembly is known as a launch vehicle. As the Sputnik 
fuel burns, the container holding it becomes dead weight. When a The Sovier Unions 
stage separates from the main body, the next stage is capable of Sputnik Rocket 
generating more acceleration. The downside ofa multi-stage launched the world’s 
rocket is that they're more complex and time-consuming to build, first satellite, Sputnik 
and there are multiple potential failure points. However, the fuel A ace peas en 
ny external features of a payload the start of the ‘Space 
savings are worth the risk. This example shows the ESA’s Ariane (such as solar panels) will remain Race’ with the USA. 
rocket launching a satellite in Earth orbit. folded up until it reaches orbit 


1 Payload packed 





Propellant injection  — rf Collision 


lon engines use a propellant fuel, whichis |. . The collision of propellant atoms jon en ine 
‘injected into a discharge chamber and : and electrons results in the release 
. bombarded with electrons of positively charged i ions - _pr Dp : 


Both solid-fuel and liquid- 
“sl *"s  fuelrocket engines generate 
Muit-aperture Sem levaviciadebceltis4emelelieeb(av! 
‘grids __ reactions, but in the future, 
_ This series of grids —_ rockets may be powered by 
extracts the positively ign engines while in space. 
++ /chargedions and Anionengine useseither . 
electrically accelerates 
“them intoionjets, electromagnetic or 
generating thrust electrostatic force to 
accelerate ions, atoms witha 
net positive or negative 


bo ature "charge. While the amount of 
\ ) ' thrustgeneratedis : 
. ee OF=] i pvore (= , 
Magnetic ficid- ; Reh A hollow cathode injects negatively comparatively low, the 


‘Magnetic rings generate a magnetic field . charged electrons into the positively S clipe ls More efficient and 
.--* that facilitates the ionisation process —~ ’ » - charged ion beam to render it neutral — Can JEYsim Co) a Bi(c) ava (oyereau beaten 


V-2 Rocket 

| BY =a1(=) Ko) ofexoN oyVA r=) gnats devs 
for use at the end of 
ATAVATAYS 0 Gd oCcMVA-ANV-Tonuele) 
first rocket to achieve 

i vlemeaeirel| eset 
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The new breed of propulsion system 
that will take us to Mars and beyond 


VIEGA 
ROCKETS 








The Delta II rocket 

launchedwith the Dawn 
spacecraft in 2007 to 

explore asteroids Vesta 

and Ceres | 





he hardest part of exploring the 
; final frontier is actually getting 
there in the first place. While 

mankind has been undertaking 
space-faring missions for over 50 years 
now, our methods of propulsion to 
escape Earth’s influence have barely 
changed at all, and the fundamental 
problem of overcoming our planet’s 
gravity is still readily apparent. When, 
years ago, people dreamed of regular 
space planes flying every week or space 
elevators lifting cargo into orbit, 
limitations and complexities have seen 
our forays beyond Low Earth Orbit (LEO) 
rely solely on vertically launching 
rockets. Unfortunately, these 
themselves bring with them a number of 
limitations - notably the amount of 
thrust that is needed to transport cargo 
into orbit and the cost considering that 
most rockets are almost entirely 
non-reusable. And so, as is the way with 
most things, the solution to take more 
cargo into orbit was relatively simple: 
make the rockets bigger. Much bigger. 

Giant rockets are used predominantly 
to take loads such as satellites into orbit. 
Different rockets can travel to differing 
heights, with larger payloads unable to 
be transported into further orbits, while 
smaller payloads can be taken out to 
geosynchronous orbits over 32,000 
kilometres (20,000 miles) above the 
surface of the Earth, and even beyond. 

One of the major problems with 
rocket-powered flight is the sheer cost 
involved in taking even justa single 
kilogram into orbit. Most rockets that fly 
today are all but wholly non-reusable. 
This means the boosters that are 
jettisoned as the rocket makes its way to 


DID YOU KNOW? The Delta IV Heavy holds 483,500 gallons of fuel but only does the equivalent of 0.oo087Mpg 


The ESA’s Ariane 5 
heavy-lift rocket 

































Inside NASA’s Space 
Launch System 









Payload See 


Preliminary specifications 

r1 Co) Wace) ar- oy-\ Vi (oy-le Ke) mr AO) 
tons, but eventually this will 
be closer to 130 tons, 

rte [UT AVF- (101 ma KO go ol OMS 


J-2X 

In advanced versions of the Space 
Launch System, NASA will attach a J-2X 
Tater aeMe-lameleyele-le(sre MU clet(eakelman (=m py 
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engine used on the Saturn V rocket) to SIL 
achieve even more power S 
€ 
boo) |e a | 
Some heavy-lift rockets, like ay / 
the Space Launch System, aie 
Uru a Yoke) mi aale)c=w-lelelia(elat-]| | wl : 
the cosmosare left to burn up inthe solid fuel rockets to harness Be / 
atmosphere or, occasionally, are a greater amount of thrust t a a 
recovered from the sea where they have Ceateie ae 
splashed down, but they are rarely Liquid 
. ; : The core of NASA’s heavy-lift rocket a; 
designed to be flown again and again. uses five of the engines that powered a/ 
One company planning to tackle this the Space Shuttle for thrust, fuelled ~ <S 
problem is SpaceX, a US-based WAI eleeMaivelceye(sVabelnteReyalze|-111 Z ; 
manufacturer that has been developing na 
its own rockets for several years. The first / 
of these, the Falcon 9, has already flown 
several times, but the next development | 
will be the Falcon Heavy, a giant rocket a vA 
employing three of the Falcon 9’s Merlin | 
engines to take about 50,000 kilograms \/ 
(110,231 pounds) of mass into orbit. The | 
ultimate goal of SpaceX is to make the W iL 
rocket fully reusable. Their plan is to use as | . 
rockets attached to each stage to carry : a ye 
out controlled ground landings and Va) 


recover each component of the rocket. 

This has never been done before, but for | 
good reason, as making a rocket that can 7 3 [| 
survive the forces of re-entry intact is | _ a : 


i 1 As 
1 f le 


J 


incredibly difficult. \ 
Other innovations in the world of ) ra ta 
heavy-lift rockets have largely focused 
on new propulsive fuels and advanced 
technologies to make better use of what 
is already available. One example of this 
is NASA’s new J-2X engine. The original 
J-2 engine was used on the Saturn V 
Moon rocket, the most powerful rocket 
of alltime, but the new J-2X engine 
employs advanced capabilities to 
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f eavy -lift rockets Is the 
ability to lift a satellite tc 

harness the power of this old workhorse aq eC O S C ‘| C | O Nn g r Y 0 r 5 I ae 

and turnit into a modern marvel. , £ " 


The only way for humans to venture ¢ 
beyond LEO, where the International 
Space Station (ISS) currently resides, is to 
use a heavy-lift rocket. NASA’s long-term 
plan is to use its new Space Launch 
System to take astronauts first to the 


\ 


Heavy 
lifting 
How do giant rockets 
differ from the norm? 


There are three major classes of rocket 
that are used to reach space. Light and 
medium launch vehicles are generally 
used for smaller satellite launches to LEO, 
whereas heavy-lift launch vehicles are 
used for deep-space missions and to haul 
larger objects into higher orbit. These 
rockets can do what others cannot, 
namely taking mega payloads into orbit. 
NASA's Saturn V rocket lifted an entire 
space station - the Skylab — in 1973. 
(O}aT=pant-h(0) a olsyelcyelmeymalsrs\avelam cele Capi 
the ability to lift a satellite to geostationary 
| orbit. At this height - 35,406 kilometres 








in the same position, which is crucial for 
communications satellites. Heavy-lift 
rockets can also take vehicles, or even 
Jalbbent-botspmneneld els) moltcbelcir-)armelelellcmM Male 
| Saturn V rocket could take 130 tons to 
Earth orbit or 50 tons to the Moon, and was 
imperative in the Apollo missions. NASA’s 
next mega rocket, the Space Launch 


. | (22,000 miles) above Earth - satellites stay 


>] System, will be able to lift a comparable 


load and is planned to take astronauts to 
the Moon, an asteroid and Mars. 
However, not all heavy-lift rockets can 


Shuttle, although extremely powerful, did 
not have the propulsion to escape LEO, 
and thus it was used to take large payloads 
into orbit such as the Hubble Space 

| Telescope and many modules for the ISS. 


* | travel these large distances. NASA's Space 
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Moon, then to an asteroid, and finally to 
Mars by the 2030s. SpaceX aims to 
challenge NASA’s deep-space 
exploration plans by launching its own 
variant of the Falcon Heavy inthe 
coming years. Knownas the Red Dragon 
mission, this would see the soon-to-be 
completed Falcon Heavy takinga 
specially designed Dragon capsule, 
Spacex’s human transportation 
vehicle, to Mars by the 2020s. It 
all depends who finishes 
their heavy-lift launch 
vehicle first, but its entirely 
possible that the first 
human on Mars will be 
flown by a private 
technology company, 
which would be no small 
feat, to put it mildly. 
Heavy-lift launch vehicles 
have anumber of advantages over 
their smaller brethren, not least their 
size. Were it not for NASA’s Space 
Transportation System rocket, used to 
take the Space Shuttle into orbit, the 


ISS would be some way from completion. 


It was thanks to the high operating 
capabilities of this launch system that 
NASA was able to contribute more 
than 90 per cent of the orbiting outpost 
and ensure that it reached completion 
in 2011. 

Heavy-lift rockets, like regular-sized 
rockets, have anumber of stages to take 
the vehicle into orbit. The first stage gets 
the rocket off the ground. This is usually 
composed of several booster rockets 
strapped together, like the Delta IV 
Heavy which uses three of the boosters 
seen on the smaller Delta III. 

The advancement of launch vehicles 
promises to usher in an exciting era for 
space exploration. Bigger, more 
powerful rockets will enable us to visit 
once unreachable worlds. Ahuman 
mission to Mars looks more and more 
likely, andas the rockets are developed 
further, the goal of landing humans on 
the Red Planet in the next decade or two 
might just be achievable. 
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To date there has been no rocket that has matched, let 
alone exceeded, the lifting capabilities of the Saturn V 
Moon rocket. Of course, this will change in the future 
with the arrival of several new super-heavy-lift rockets, 
but for now the Saturn V retains the title of most powerful 
rocket of all time. Capable of lifting 130 tons into orbit, the 
Saturn V was used to take Apollo astronauts to the Moon 
throughout the Sixties and Seventies. 

1OpaTol=pebtcle)yvadalcpentessimiVc)icoesleynisemelcre\arcipuame-lonele@el 
vehicle of all time, though, is the Space Transportation 
System (STS), used to take the Space Shuttle into orbit. The 
Space Shuttle could take a payload weighing 30 tons into 
orbit, and it was pivotal in the construction of the ISS. Now 
retired, the STS was one of the most powerful rockets of 
the modern era. It used solid rocket propellant and its 
initial rocket boosters were recoverable when they landed 
in the ocean, allowing for up to 20 more uses before they 
were deemed unsafe to fly. 














Russia’s heavy-lift Proton rocket is currently the 
longest-serving rocket in activity, completing its first 
flight in 1965. It has a formidable success rate: 88 per 
cent across over 300 launches. It has been one of the 
few successes of Russia’s Space Program, which has 
otherwise been riddled with failures and a lack of 
advancement, particularly in missions beyond LEO. 
Another hugely successful rocket has been Boeing’s 
Delta series. The largest of these, the Delta IV Heavy, 
can take over 20 tons of cargo into orbit. The Delta IV 
Heavy uses two strap-on 
rocket boosters to achieve 
abeedelyaeyaeyinse-Velemaasrlicye 
payload capabilities. In 
Europe, the ESA’s Ariane 5 
rocket continues to make 
great strides to being the 
most reliable heavy-lift 
rocket around. It usesa 
cryogenic main stage, 
Jao) (obbatemalepenlemey.qrsexsyae-belel 
hydrogen, to producea 
delavlsime) BUG RKe)ew ie) uae 
while two solid rocket 
JoXereysins) acy oy aeialolex-lolonimleyerey| 
thrust. These heavy-lift 
vehicles have been 
instrumental in the 
modern space era and will 
continue to launch 
countless satellites and 
craft into the cosmos. 
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, oO Ue = Delta IV Heavy Titan IV 
E = Space Transportation Manufacturer: United Manufacturer: 
= oo Saturn V (jl System ~.. Launch Alliance Lockheed Martin 
3g [f Manufacturer: NASA " Manufacturer: NASA | Payload: 22,950kg ' Payload: 21,682kg 
30 *' Payload:118,000kg f Payload: 24,400kg Operation: ir Operation: 
Ih Operation:1967-1972 => Operation: 1981-2011 i) 2004-present | 1989-2005 
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Inside the 
Aniane 5 


Take a look at 
eee . : the inner workings 


The Ariane 5 rocket J Sn of this ESA rocket 
is cdl ftakeuip a f With NASA’s Space Shuttle retired in July 


to ten tons of large a ie ) 2011, the next step for the agency is to build 
cargo into orbit, \ i | a rocket comparable in size and power to 
most otten eee ae Ine Ariane 2 FOCket the Saturn V. This comes in the form of the 
satellites. Although (ss elt weighs about 700 tons, Space Launch System (SLS) 


it is capable of soaeees: ae one-tenth of the weight : 
carrying humans, it iasee. ve of the Eiffel Tower, is as One of the major advancements i 
never has — high as a 15-storey NASA's new mega rocket is its shift to liquid 
building and reaches propellants over solid ones. Liquid 
8,047km/h (S,000mph) propellants, while more expensive, allow 
neste ones for a greater power yield. In addition, solid 
§ p y / 
Jo) co) oX= UC Doleseeccbabalelmelcecine)ejercromeleneanners 
when lit, a potential problem if a disaster 
were to occur, whereas liquid propellants 
Two or three . 
hinutes after can be throttled for the required speed. 
launch the NASA is reusing old, tried-and-tested 
boosters are components to keep costs down. For 
jettisoned to example, the main booster core of the SLS 
aghoninie will use five of the main engines that had 
allow it to reach been used to take the Space Shuttle into 
ae a high orbit orbit. This booster core uses a liquid 
ariang § ¢ hydrogen/oxygen combination, a very 
: efficient way of getting to orbit with old Saturn VJ-2 engine. At first the SLS will 
minimal toxicwaste produced.Thesecond beable tocarry7o tons to orbit, but 
Sane stage of the SLS will use a modified version eventually it will be able to handle 130 tons. 
inside each of of the engine used to take astronauts to the American manufacturer SpaceX is also 
the 30-metre Moon aboard the Saturn Vrocket. Thiswill | makingstrides with heavy-lift rockets. 
(98-foot)-tall be the J-2X engine, an advancement of the Having already successfully flown the 
boosters is smaller Falcon 9 rocket, they plan to begin 
230 tons of eae sry ors RT ee ata ara : : : : 
solid rocket flying their Falcon Heavy in the coming 
propellant years. With twice the payload capability of 
NASA's Space Shuttle, the Falcon Heavy 
promises trips to space at a fraction of the 
cost of current rockets. 
It will use three Merlin engines - the 
Falcon 9 rocket only uses one - and with1.7 
The central sane . a 
Vulcan engine \ million kilograms (3.8 million pounds) of 
takes liquid thrust it will be equivalent to 15,747 jumbo 
propellant | jets operating at full power. The ultimate 
from the \ goal of SpaceX’s Falcon Heavy is to make 
oueaie the rocket fully reusable. The company’s 
main stage'to | plan is to use rockets attached to each stage 
propel the to carry out controlled ground landings 
payload out : . i and recover each component. If successful, 
into dente | b= the Falcon Heavy will be one of the 
5 cheapest rockets to launch of all time. 
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How the replacement for NASA‘s Space 
Shuttle will take us to the Moon and beyond 


Mag he primary goals of the Orion spacecraft, 
which has been contracted to technology 

™ company Lockheed Martin by NASA, are to 
deliver crew and cargo to the International Space 
Shuttle and return astronauts to the Moon after 
almost a 50-year wait. Orion made its first test flight 
in 2014 and is on course to complete a lunar mission 
by the early 2020s. 

The Orion crew module is similar in design and 
appearance to the Apollo Command Module that 
first took astronauts to the Moon. Itis three times 
the volume of the Apollo module with the same 70° 
sloped top, deemed to be the safest and most reliable 
shape for re-entering Earth’s atmosphere at high 
velocity. The Orion module has a diameter of five 
metres anda total mass of about 9,oookg including 
the cargo and the crew, which increases or decreases 
slightly for missions to the International Space 
Station and the Moon respectively. Unlike the 
Apollo module, which hada crew capacity of three 
people, the Orion module can carry between four 
and six astronauts. 

Attached to the crew module is the service 
module, responsible for propulsion, electrical 
power, communications and water/air storage. The 
service module is equipped witha pair of extendable 


The Orion spacecraft — 
’ willtransporta lunar ‘N 
lander to the Moon if DD 
is pe aa 
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solar panels that are deployed post-launch in 
addition to batteries to store power for times of 
darkness. Like the Orion crew module, the service 
module is also five metres in diameter to providea 
clean fit between the two, and has a mass of about 
3,700kg in addition to 8,300kg of propellant. 

Exerting 33,000 newtons (7,500 pounds) of thrust, 
the engine of the service module uses hypergolic 
fuels monomethyl hydrazine and nitrogen tetroxide, 
which are propellants that ignite on contact with 
each other and require no ignition source. Another 
benefit of these propellants is that they do not need 
to be cooled like other fuels; they can be stored at 
room temperature. 24 thrusters around the service 
module will also give it control to change its 
orientation in all directions, but these are almost 30 
times weaker than the main booster. 

Upon descent to Earth the Orion crew module will 
use a combination of parachutes and air bags to 
allow a cushioned touchdown on land or sea. The 
service module will detach in space and disintegrate 
inthe atmosphere. The entire Orion crew module 
will be reusable for at most ten missions except for its 
ablative heat shield, which burns up on re-entry into 
Earth’s atmosphere to protect the astronauts from 
the extreme heat. 


sWelspedas/m@)aleyebesdlssileyats 
willsee it dock withthe 
ISS to test its systems 




































Launch abort 
Ina launch pad emergency, 
this rocket will lift the crew 

module and allow it to 
parachute safely to ground 


Heat shield 


The ablative (burns on re-entry) 

heat shield protects the crew 
module as it returns to Earth alone 
before the parachutes deploy 


Airlock 


The top of the crew module 
allows docking with other 
vehicles such as the ISS and 
lunar landers 


Crew module 

Able to accommodate up 
to six crew members, this 
module provides a safe 
habitat for them to stay in 
during their journey 


+ 


yi) (: 
_Low Earth, 


Service module 

This module supports the crew 
throughout their journey, 
providing life support and 
propulsion, before detaching 
upon Earth re-entry 


Cargo 

Inside the service 

module, unpressurised cargo 
for the ISS and science 
equipment are stored 


Spacecraft adapter 
Connects the Orion 
spacecraft to the launch 
rocket, and also protects 
components in the 

service module 


‘When and where will: . ” 
Orion be going?* 


*Provisional dates from NASA, subject'to change. 





























The Launch Abort System 
will carry the crew module 
to safety in an emergency 


© NASA 


2020 - 
First lunar 
\ mission 








Earth / Moon /Mar8 © NASA 






2036 
First mission 
to Mars . 
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' booka package holiday to 
Space in the coming years? 


ollowing the popularity and success of mankind, only seven space tourists have made All the space tourists used a version of the 
Fs manned Apollo missions in the late dalsnu@l encom lon /va ot-bademeaeylomeleeteneymnisenleewershuc Russian Soyuz spacecraft to get to and from the 
1960s, it seemed that space tourism would even come close to retracing his famous ISS, but after the ISS’ permanent crew was 
soon become a reality. Pan American Airways footsteps on the lunar surface. doubled to six members, this was no longer an 
were quick to jump on the idea, opening a waiting These individuals stayed ontheInternational option. This has galvanised a number of 
list fora planned service to the Moon. Up untilthe Space Station (ISS), and paid a considerable companies to explore alternative means of 
company eventually disbanded in 1991, more premium for the experience. The most recent, transporting paying passengers for short 
than 93,000 wannabe astronauts had signed up Canadian Guy Laliberté, coughed up an periods of time, such as space planes. The most 
for the scheme. estimated £22 million ($35 million) for an 11-day talked-about space plane around is Virgin 
Anew kind of space race was envisaged; trip in 2009. Although excursions to the ISS are Galactic’s SpaceShipTwo, which is lifted into the 
private companies would compete to become hugely appealing, it is not designed to sky by a larger mothership, WhiteKnightTwo, 
the first to provide normal people with the accommodate a tourist’s needs. In spite of the before detaching and using its rocket engine to 
chance to experience the wonders of space ticket price, there are no luxuries; the ISS’ sole take a total of six passengers into space. 
travel. It’s incredible to think that in the years purpose is to carry out vital research and Once out of Earth’s atmosphere, those on 
that followed Neil Armstrong’s giant leap for 1050) oke)ama elcw-toimqeyerclviecne) em olor. bak board will experience around five minutes of 
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DID YOU KNOW? The Russign space agency [Roscosmos] plans to send two tourists to the ISS in 20e3 
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This window enables 

restricted views out of 

the spacecraft, andis ™ 

one of only three =. 
windows on the CST-100 


~The Boeing 
_CST-100 


») Designed to carry crew 
and cargo to the ISS, the 
CST-100 could also 


transport space tourists 





Cost effective | 
design 

The outer layer of the 
spacecraft is composed of 
IAs) (6) (soto ale) at=yV,ere)anle) 
structure, helping keep 
WiVcelle] al mre] are mexey—} hom (0)1)V 


PANUL Molaro) pavelery 

docking system 

Created for docking with the ISS-or a 
potential future space station, the forward 
(o foXe diate Moh VAS1k210 0M mere) an) (=1k2) \var- [el ke)ale)aalelelcy 
igeve[U(ol [ate mug-lialiatemulantsmuela eleluclaldi-] mel ce\)Vis 


Service module 

The large back section houses the 
rocket engines, carries the propellant 
and stores other equipment that the 
spacecraft may need 





i“ Crew module Wi-Fi capability 


, y This section has space for The crew’s 

| ‘ Sy=0V/-1 0 9210) 9) (= Mitel ale Mma lanare communication 
Reusable vessel \ iy with a heat shield and system will feature 
The CST-100 remains : : TELL we parachutes to help it return to ieelo)(c\mlainclarcleccwelate! 
sturdy under pressure and \ —— 5329" " . Earth safely wireless internet 
can be used fora 
inat-bdigalelaame)muclam(elelgal-\\As . 
ope aa ee Orbit Launch vehicle Height Capsule diameter First manned flight 
Teter rs ne ponte Low-Earth orbit Atlas V rocket 5.03m (16.5ft) 4.57m (15ft) 2017 


xX D The SpaceX Dragon has succeeded where 
Da ce ia g O in ree many of its contemporaries have failed. In 
de Sam 2010 it became the first privately operated 
Trunk os , ji spacecraft to enter orbit, and was recovered 
The unpressurised rear section ' ‘ge after its record-breaking maiden voyage. 
can hold up to 14m® (494ft®) of ge Furthermore, the Dragon became the first 
elaletlcunc oso 1 Serle : . | commercial spacecraft to attach to the ISS. 
¢ Due to this success, SpaceX signed a 
Crew LS Se “aaa ; contract with NASA worth over f1 billion 
Up to seven aa . MESES, sei, P (S1.6 billion), representing a minimum of 12 
| > is Main capsule cargo delivery flights to the ISS. SpaceX are 
Launch vehicle $ y The pressurised . : 
Seer currently developing the crew-carrying 





First launch 
2010 





A Balastemee)olaceleesiuieyars 
Cargo, crew and ‘Dragon Lab’ 


Falcon 9 rocket > yr capsule carries up to 
Orbit d : f ~ 1m? (388ft) of variant, the Dragon V2, which could 
rit duration by > ol cargo, but will be eventually take both astronauts and 


Up to two years ies r ~ . : : 
uy ™ 7 ) eee weentical to the tourists into orbit and beyond. 
one that is designed 


Height (with trunk) > <x» ey astronauts The first six unmanned runs to the ISS 
NCR 1) | . See”. were a success. The seventh, which took off 
Diameter - oe mes’ \\"s @ “é Deo a in June 2015, crashed back to Earth two 
3.7m (12.1ft) Lo a @ NA So minutes into the flight. After an 
ey daar ae oo Y pot investigation of the event, it is believed that 
Payload mass |)? 7000 %, 
6,000kg Lee Ines, “ands! — By a flawed steel strut that held a helium 
(13,228Ib) eee CRD ™ Prey pressurisation bottle failed, resulting in an 
a ‘overpressure event’ that destroyed the 
rocket. Where this leaves SpaceX is hard to 


Solar panels Forward docking system say; they are still one of only a few 
Once in orbit, the solar The Dragon has a similar docking companies to complete a space mission, yet 


arrays fold out from the system to the CST-100 concealed this recent mishap may damage their 


back end of the spacecraft, beneath its nose cap, which is ; ; ; 
allowing it to harness the discarded once the spacecraft leaves chances of becoming the first private 
Sun’s power Earth’s atmosphere enterprise to partake in space tourism. 


© Science Photo Library; NASA 
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Talweya(e) mmo) Ulnar 

AV idatolelelamuat=maatere(el(= 
pictured is the research 
Fe eXe) @= 10) AVM =y- (era maarete le] (=) 
(ore ]alu ol=Mexe)ayale |e] ave mne) 
suit a number of 
different tasks 


Impressive size 


_ B1ft) long and 6.7m 





What a space 
hotel could. 
Seem (010) @ 11. (- 


that of the US Destiny ? 


Each module is 9.45m 


(22ft) in diameter, and 








Solar panels 
'=k-(o1 pave |\ ale [Ur-] manele lel (= 
is designed to support 
its own solar panels, so 
that when an extra 
module is added, it 
provides its own power 
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ISS module 
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Scientific instrumentati 
Within the research laboratory is 
ERWUte(eMe-lale(-Mem lasinallanteialeela(ele 
that is spread around the lab’s 
interior surfaces 


= 


weightlessness, while gazing in wonder at the 
Earth’s curvature and the surrounding stars. The 
tragic death of pilot Michael Alsbury during a 
test flight in 2014 has not deterred Virgin Galactic 
snce)enwacr-leevbetcmaal-yemcxer-ler-limelelercdemimerctspeatcr. belt 
that the first commercial flights have loyeyeye} 
further delayed. Whether or not this will form 
the foundation of space tourism is yet to be seen, 
but they do not offer a prolonged off-world stay. 


; They also lack docking capabilities, which * 


means they can’t be used to whisk people away 
to any form of space hotel that may exist one day. 
Aerospace company Boeing has takena 
different tact. They have created a spacecraft that 
is likely to perform the first commercial flights, as 
part ofa £2.7 billion ($4.2 billion) contract with 
INV:NSY:Wad W oT =X Qh can Vas) oy-(eoms W ecb als} elev aeclaleyetalelemmeye 
CST-100 for short, has been tasked with this 
JaXo)aXolebemsfel-setee-DeloW\\/atey-Welejelcndet-imualts 
Serlaclacvinspitesmertcvevelctel flight will take place in 


the station, the main truss 
WiVdl| matehcom=televaM lala tchic)e)(= 
ragrelelel(=mexe)alavsveunsiemuenis 














n truss | 
Tale ma alow oy-\e14ele)al-Mele 


Central spine 
. ai arcwanr-llamaie|(emexe)a-meymual= 
on faatetel0](-MicM alo)pat-muom aal= 
‘a station’s major systems, such 
Fesoms of@)ViVcl am aatelar-lelclaalslaiar-lale 
Thkewsie) e)ele)a 


2017, and once this has been completed, along 
‘with service shred alesncondal-whovopmaelcneloleymnvalemer= 
open for commercial spaceflight. 

The CST-100 is slightly larger than the Apollo 
(GoyeabantsbaleW\y Corekbalcw-bale mcm ol-)beremel=yr(clleyel-voneel 
cooperation with Bigelow Aerospace, as the 
capsule offers a means of reaching their planned 
space station in the future. Asit is reusable, 
Boeing’s spacecraft will be fitted witha 
combined recovery system featuring both 
parachutes and airbags, allowing it to land on 
the ground rather than in water when it returns 
Kop orc banen Reusability is key to its success, as the 
moré times it can be used, the cheaper each 
flight will become for both the company and 


- prospective customers. 


Dbauat-bavinvec-Kedsjey-le-arolebatseoKe le\-iekmnene)ii> 
staying on the ISS, there needs to bea new form of 
space station, which is where Bigelow Aerospace 
comes in. Their founder Robert Bigelow made his 


DID YOU KNOW? Microsoft billionaire Charles Simonyi has made two trips to the ISS, spending a total of eg days on board 


“Despite having many of the 
necessary components in-place, 
: we are still a number of years away 
| a eal - from space tourism ta Ing Or. 


In-orbit assembly 7 us | 
The inflatable design does a 


oy = = 
™ Life in space 
fe) ge)Vi(0 (ore t=] ae [=m Uist-] 0) (=) ‘4 yy H 





Wo) [0] aalovm olUimor-] am ol-M=lall-]ae [cre i 
further by the addition of 
extra modules in space 


Dees} o)iccmeymaelcwent-Behvaner-l toe. pele 
tribulations it has experienced, 
space tourism is certainly going to 
Jakz}e) olcvamwawelepeslel=)meymee)enyer- boule 
have recognised the need for 
specific products in space; ones 
that are capable of overcoming the 
issues of microgravity. 

One such company is the Cosmic 
Lifestyle Corporation, which has 
already designed a zero-gravity 
cocktail glass and coffee cup. Each 
glass is designed with a specific set 


of grooves that channel the liquid 


___~~" Both of these products took their towards the mouthpiece. Without 
a Tasso)igchatelamineseamh Wy. W-lciage)arclele these grooves, the liquid would 
Donald Pettit, who tried to design a 


Seer ene float out of the glass in sticky blobs 
oe NAVA ob Kel oer Bo lsver-lan=) mUpelereyeleqe)etcleava 
Aspace currency to pay for your 
Martinis may not yet exist, but as 
of 2014 there has been a way to pay 
Koyandevbatcicwbene)ae)iow «-hida-l mer-Ut-laale 
enables cashless payments to be 
carried out in space, and will even 
loY= mers} oy- le) (omeymsy=y elon batcmenteyalcyvmey- (eae 
to Earth and vice versa. Although 
the cocktail glass isn’t essential to 
our way of life, its technology will 
saXoKole)b loyal olcusi-1-) am seleyace-balomesleyas 
when space tourism takes off. 






DY oles dare m ole) a a 

'sk-(o1 pM naleyel 0] (2m ar-ksmexe) alal=\eane) as 
at both ends, which function 
Kos 0) ce)vale (=e (orel dialem ele)ialuomie) 
different spacecraft and help 
Ke)iam atest] aloe mueyercinal-ig 





jKoyanebarcmelenelodberewalelnc)ismmolulmarcuetcts 
been interested in space technology 
since childhood. Taking inspiration 
from NASA’s ‘TransHab’ concept, 
Bigelow Aerospace plans to build its 
own inflatable space modules. It will 


launch later this year aboard a: However, despite having many ofthe 
SpaceX Dragon capsule, andit . 


-ecessary components in place, wearestilla - 
will be connected to the ISS for number of years away from: Space tourism, . 
two years to demonstrate its” ‘becoming a truly viable vacation fo) o) Toyama 
technology. Once this has been 


more likely that trips to low-Earth orbit will 
proven a success, the B330 will” ; ‘become well-established first, before any form of, 
use these to build private space be launched. This has over 20 
stations, which it will operate and sell 


. ‘hotel’ opens for business, There is still so much 
} timesthe volume ofthe BEAM __ thatneeds to be investigated before space travel - 
access to the public. : with 330 cubic metres (11,654 


can become feasible for the average person. 
‘cubic feet) of internal space, anda proposed Further research into the effects ofremainingin 
20-year lifetime. Although its walls are space foy long, reereterels of time is vital, and it’s 
inflatable, they will provide inhabitants with _ hoped that INANSINGS ongoing Twins Study will | 
more protection from heat and radiation than provide some answers. 
the rigid ISS modules. Bigelow hopes that these Whatis certain is that there mail be plenty of 
modules will mark the beginning of vacations 


adventurers packing their bags fora trip to 
detclmoavuhvacbacmelelmeymnebicaiVevalen . infinity and beyond when the time comes. 


In 2006 and 2007, Bigelow launched Genesis 1 
and 2 respectively, which were its first test craft 
to enter orbit. Since these launches the company 
has been relatively quiet, relying on ground 
testing while waiting for space tourism to grow 
as an industry. However, the BEAM (Bigelow 
Expandable Activity Module) is scheduled to 
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ince Russia's Sputnik1 satellite entered space on 4 

(OTeito) of=) alol-wam i elolvtstsParelsneymestsbavaccrens Dave! 

unmanned spacecraft, including Earth satellites 
and deep-space probes, have launched into the cosmos. 

In those five decades, space travel has truly come on 

leaps and bounds, with the development of liquid and 
solid fuels, as well as the use of solar panels and 
radioactive power sources among many of the 
impressive innovations, allowing space agencies 
across the planet to undertake evermore ambitious 
missions that would once have never been thought 
possible. Here, we’ve compiled ten of the most 
successful missions that have advanced the field of 
space travel to a whole new level. 


Im’ (oy-jk0) a 


In1961 Yuri Gagarin became the first 
man to travel to space, and the spacecraft : 
that took him there for 68 minutes, wasa_ : 
fairly rudimentary sphere known as 
Vostok 1. As this was the first manned 

craft to leave Earth orbit, lots ofextra 
precautions were taken, eg Gagarin was 
not able to freely move around the cabin, 
nor was he able to manually control the 
spacecraft. Nonetheless, in the timeline 

of space exploration, Vostok1is without 
eMolelvlojmeyelsmoymmaccmenleccimuselelevar-bels 
spacecraft of all time. 





Venera probes 


The Venera missions have been.Russia’s most 
successful space exploration missions to date. In 
total, 23 separate probes were launched to the 
— hottest planet in our solar system, Venus, 
aS = _ between 1961 and 1984, with ten of these 
| landing on the surface. Each Venera lander 
wasa technical marvel, withstanding 
incredible temperatures of up to 462 degrees 
Celsius (864 degrees Fahrenheit) to remain 
operational for up to two hours. They returned key 
data about the surface of Venus, including detailed 
information on the planet’s atmospheric structure. 
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Probably the most well+known space mission of all time, 
Apollo 11 was launched atop the most powerful 

rocket to date, the Saturn V. The spacecraft 
was composed of two sections - the 

Lunar Module and the Command 

Module - the latter of which 

remained in orbit around the Moon 

with Michael Collins on board 

while the former took astronauts 

Neil Armstrong and Buzz Aldrin to 

the surface, Apollo 11 paved the way 
AE for a further five successful 
missions to the Moon, each spending 
several days on the lunar surface. 





Voyager 1 and 2 


The Voyager programme was originally designed to 
explore Jupiter, Saturn, Uranus and Neptune, but 
the mission was extended'to include the boundary 
into interstellar space, which they are currently 
entering. The Voyager probes both receive power 
from three radioisotope thermoelectric 1 
generators, fed by plutonium-238. On 
board each probe is avariety of 
sounds and images known as the 
(Ce) Ce (svaWaccrqeyaommnvan (ell tse) 
contains instructions on how to 
find Earth for any passing aliens. 





Pioneer 10 and 11 


The purpose of the Pioneer missions was to 

learn about the outer reaches of the solar 

system. These two spacecraft Were, at the 

time of their launch, the most advanced 

vehicles to venture into space. They 

clo) olecvlelcomcBeleverlelaemrcmerel(e-lacelets va ‘ 
never used before, including a charged : ie ee 
particle instrument to measure the extent Aree ow 
of the Sun’s influence. While comms were 
lost in 1995 (Pioneer 11) and.2003 (Pioneer 10), 
the probes continue to make their way out of 
the solar system, with each possessing an 
on-board plaque detailing their origins. 





DID YOU KNOW? The Cassini-Huygens probe was named after two astronomers: Giovanni Cassini and Christiaan Huygens 
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es) oy - (= Shuttles | 


_ NASA's five cosmos-faring Space 
Shuttles were the largest spacecraft of 
alltime, and eachcompletednumerous 
missions that defined them as some of 
dal mostimportant vehicles to enter 
JoeeVad ake) doyle Melzybapent-Danva-(eee)t-lels 
include taking the Hubble Space. | —/ 

Telescope into orbit (and later repairing. oe yo 

it) and launching more than 80 per cent . { 

of the modules for the ISS. There Were +. ; | a 
135 missions in total, but two of these ° | 

ended in tragedy. The Challenger 

spacecraft exploded 73 seconds after 
launch in 1986, while in 2003 the= Pas 
Columbia spacecraft was torn apart on . 
re-entry. While the Shuttles are 
remembered largely as a success, these 
two disasters serve asa reminder of just 
how dangerous space travel is.’ 





Japan’s Hayabusa probe was the first 
‘spacecraftto return asamplefrom an 
asteroid, but it wasn’t without its 
problems. A fuel leak rendered its 
chemical engines unusable and, 
coupled with a variety of mechanical 
failures, the probe was forced to limp 
home on its weaker ion engines. It 
eventually arrived threeyears behind — : ' 
schedule in 2010, but the mission was 
still a success. Ion engines on 
spacecraft have become more and more 
joe) Lede Daole(cncondelea@leyarxeasiavapelselse 
than relying onan initial big ‘push’. | 





» »1990s 





Cer ecccccccsccccccesccccecesesccccesecccecoeeS 


Cassini-Huygens: : 

. The Cassini-Huygens tuyg a joint mission 
between NASA, the ESA and ASI (Italian Space ; .. 
Agency)and is often regarded as the most successful 

. deep-space probe of all time. The orbiting component 
of the probe flew by Jupiterand became thefirst a | / 
spacecraft to orbit Saturn. The landing vehicle was the 
Huygens Probe, which landed on Saturn’s moon Titan 


. . in 2005, the first and only . 


; ¢ a i i leo p ge) b et eee " the . ? 
spacecra outer solar system. As i. 


with most probes, it | Fa 
NASA's Galileo spacecraft was taken is powered by . 





into space.in1989 and went on to study 


» plutonium-238, 





Jupiter after flybysofVenusandEarth.It | whichenabled 
was the first spacecraft to orbit Jupiter, ORTH ECO Gn ry, | \ in Wed @) Ol Cty 0) gato) s | me 
_ inaddition to performing the first be extended to 
flyby of an asteroid. It also carried 2017.0n15 \N ew H O riZO Ns 
the Galileo Space Probe, which it September NASA‘s New Horizons spacecraft became the 
released into Jupiter’s atmosphere 2017 it dived first probe to fly by Pluto in 2015. While its 
in 1995, providing unprecedented natieksrlathasks primary mission is to study the (now) dwarf 
» data about the gas giant. In 2003 the atmosphere _ _/ planet, it has also studied Jupiter and its moons. 
orbiting spacecraft was sent crashing and burned up. New Horizons is the fastest probe to have left 


, into our solar system's biggest planet 
_to prevent it colliding with a nearby 
moon and causing contamination. 


, 


P| 








: Earth’s orbit, and thé first to be launched intoa 
solar escape trajectory. It left Earth at 16.26 
kilometers per second, faster than any spacecraft. 


© NASA/JAXA/JPL/Caltech/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute/Pline 











How the furthest Jacke belseatslo (cme) 0) (cei ks from Earth work 


n 20 August 1977 Voyager 2 launched 
from Cape Canaveral in Florida 
aboard a Titan-Centaur rocket, 
JaterccUlcbbatcmdalcecve-Dame)meelKoymmelspesle cit 
ambitious deep space exploration missions 
of all time. Two weeks later Voyager 1 was 
sent up in an identical launch, although its 
greater speed meant that it eventually 
overtook Voyager 2. The list of 
accomplishments by the two probes is 
astounding. Between them they have 
studied all of the major planets of the solar 
system past Mars, in addition to some moons 
of Jupiter and Saturn, making countless new 
discoveries in the process. Now, as the 

sabe amatcrsimeetsbatpests(e(snole)(cvemopaceyeemer-Dauemmaelsyv 
are on their way out of the solar system. 

WM atm ecLebael ome) maatsmend (ic) (e)eRue)pereolcromntaliens| 
favourable alignment of the planets in the 
Seventies that would allow Voyager 2 to visit 
Jupiter, Saturn, Uranus and Neptune. The list 
Voyager spacecraft achievements is 
extensive. The Voyager mission was only the 
second — after Pioneer 10 and 11i1n 1974 and 
1975, respectively — to visit Jupiter and then 
Saturn, but it also discovered the existence 
of rings around Jupiter, while Voyager 2 was 
the first mission to visit Uranus and Neptune. 

The primary objective of the mission was 
to study Jupiter and Saturn, but once it 
became apparent that the spacecraft could 
continue working, the mission was extended 
to include Neptune and Uranus for Voyager 2. 
Voyager 1 could have travelled to Pluto, but 
NASA decided to extend its mission to Saturn 
EDaLOMlacpasleleyem Wix-bemmlarc\snelcmmelcmoniccbamet-belcii 
Pluto one of the largest bodies in the solar 
system yet to be explored. 

The Voyager probes obtain power from 
their radioactive generators, which have kept 
them running even at sucha great distance 
from Earth and will continue to do so until 
eLeleleimxevXemanualsyemael=yarvsllwelen evetxsmelor-le)(- 
to power their instruments. Voyager 1 is 
roughly now over 17 billion kilometres (10.6 
billion miles) from the Sun, while Voyager 2 
is at a distance of over 14 billion kilometres 
(8.5 billion miles). 

PAN iC=) peste Ucanereasropeatebenvacd qolvnelelo)acr-teners 
discoveries, both spacecraft are now on 
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no machine has yet experienced the 
. conditions that the Voyager probes are about 







their way out of the solar system. They are 
both expected to pass out of the Sun’s 
influence and into interstellar space in 
the coming years, although it is not 
entirely clear when this will happen as 
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Cox-eloepacs 

In 40,000 years, Voyager1should be within 
1.6 light years (9.4 trillion miles) of astarin 
idalsxee)etsinsccLaleyemeymer- Dents) (ejer-VaetsUetcmmalelercdels 
to harboura planetary system. 256,000 years 
later, Voyager 2 will be 43light years (25 
trillion miles) from Sirius, whichis the 
brightest star other than the Sun in our own 
night sky. 
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Data Instruments 
A single 8-track 


digital tape recorder 
(DTR) and Flight 
Data Subsystem 
(FDS) handle data 

FT ale Mere] ||0) =] X=) 
instruments too 


low-energy particles 


Antenna 


payload with ten instruments, 
including those to measure solar 
wind and those that can detect 


Voyager 2 

JELo Datel elcromsine)on-| 
Titan I[]-Centaur 
Sie colelccime)el 

! 20 August1977 
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On board both probes is a science ens Voyager 
etne 


What's going on insi 
long-distance probes? 


'Ooyanlaalelalcerciuieyn| . 


he The high-gain It takes 16 hours for a message from the 
ee We Tal csalate (a LC7AY) Voyager probes to reach Earth. However, 
Golden Record / transmits data they’re not in constant communication, and 


The Golden Record. is.2 — = fd ; to Earth 


collection of sounds Ee {== fj 
laleMlaarele(savminelan 

Earth, intended to 

provide any passing 

extraterrestrial race 

with information about 

our home planet 


Thrust - 


The probes manoeuvre,’ 
via Hydrazine crag 


Power down 
To conserve energy as 
the probes continue 
their journeys, many 
rs (RTGs) supply electrical Takiebleat=\alecme(=telpaleve, 
power , which will eventually diminish unnecessary have or 
but currently supply about 315 watts will be switched off 


(oyal Va eyeya(erel(ors]|\Vaci=lale Mel] e- 0 oy [01.4 to our re) Felaleis 


J 
Phone home 
Each of the identical 
spacecraft use celestial or 
gyroscopic att 
ensure that theit i Each Voyager 
antennas are constantly probe weighs 


pointed towards Earth for 773kg (1,704 Ibs), 
evevaniaritiatcersiiteya with the science 


payload makihg 
up about 105kg 
(231lbs) of this 


a 


Magnetometer t aN 


This instrument enables the probes 

to measure nearby magnetic field 
intensities, which was used to study the 
magnetospheres of the outer planets 























«. The j journey so far... 
SS _ What path have the Voyager probes 
a taken through the Solar System, 


and where are they now? 





Date reached: 5/3/79 





te WOYAGER 1 launch: 5/9/77 
J 


Heliopause 

This is where the Sun’s influence 
is almost non-existent and the 
Voyager probes will enter the 
interstellar medium, the matter 
between stars in our galaxy. No 
one is sure how far the probes 
are from this point 


Termination shock 
At the edge of the heliosheath, 
the Sun’s influence in the form of 
. solar wind slows dramatically and 
Voyager 1 heats up at an area known as the 
termination shock, which Voyager 
1 passed in 2004 \ 








On 16 November 1980, 
Voyager 1 looked back at 

Saturn and snapped this 

nt a oa picture four days after it 
| Jatelom ovetswiclom eaten eytcvalcit 







Bow shock 











Heliosphere 


i Our solar system is contained 


| 
within an area of space where Voyager 2 What lies 


the Sun exerts an influence, 


known as the heliosphere ahead. Tn 





Allimages © NASA 
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10 secrets of space — 


7 


Our universe is full of odd phenomena that we don't yet fully 
understand — here we look at the science of the most intriguing 


nswering questions and solving puzzles has 

Av datexobahisbatemioycucmol-JepbeloR-ksiuceyalevenhmioe 
-“Athousands of years, even if it often seems 
that for every mystery solved, a new one springs up. 
Today, astronomers like to think they have a fairly 
good understanding of the way our universe works, 
and processes from the life cycle of stars to the 
evolution of galaxies, and it’s certainly true that we 
_knowa lot more than we did a century ago. But 
there are still plenty of loose ends and new ones are 
still constantly emerging. 
Some of these mysteries are recent discoveries 





that may seem at first to break the established rules. 


Of course, we can't be sure until these particular 


096 de ee 


enigmas are resolved, but often the solution to 
puzzles like this is just a matter of time; oncea 
mystery object such as the ‘impossible star’ SDSS 
J102915+172927 or the rectangular galaxy LEDA 
(oy /Astolop lees bavacelenelacremconmalcnioyele pmcreals) elm lol ncners Dal 
turn their collective efforts and a huge array of 
observational techniques to learning more about it 
and understanding why it defies convention. 
Others require more patience - for instance, new 
images of Uranus’s satellite Miranda would 
certainly reveal more about its turbulent history, 
but we're sadly unlikely to be sending another 
probe that way any time soon. The long-standing 
mysteries of the Sun’s corona have had to await 


the development of new techniques for studying 
LowVelomdalspbatse- Dae meleiesne)mot-Dec@untclacs amaereli 
permeates the entire cosmos still remain 
frustratingly elusive. 

But perhaps the most exciting mysteries of all are 
those that come completely out of the blue, such as 
the dark energy accelerating the expansion of the 


universe. Two decades ago, astronomers didn’teven . 


know there was a puzzle to be solved, yet now dark 
energy is one of the hottest topics in the field. It’s 
discoveries like this and ‘unknown unknowns’ that 
will doubtless be discovered in the future that help © 
drive forward our understanding of not just space, 
but also our place within it. 
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DID YOU KNOW? NASA's GRAIL sctellite explained variations in the Moon's gravity via mapping, caused by asteroid impacts 





1. Most of the universe Is missing 


For the past decade, astronomers have been getting 
to grips with a mystery that has undermined a lot of 
what we previously thought we knew about the 
cosmos. We once thought the universe was 
dominated by two substances: normal, or 
‘baryonic’, matter (matter that interacts with light 
and other forms of radiation), and invisible ‘dark’ 
matter that is transparent to light and only makes 
its presence felt through gravity (see Mystery 8). 

But in the late-Nineties, cosmologists found an 
unexpected twist: the expansion of the universe 
(which should be slowing down due to the 
gravitational drag of the matter within it) is 
’ speeding up. The evidence for this comes from 
distant supernova explosions in galaxies billions of 
light years from Earth, which appear fainter than 
Centres of mass 
Normal and dark matter 
tend to concentrate in and 
around galaxies, holding 


them together despite 
cosmic expansion 
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Dark energy is pulling the universe 
m apart in unexpected ways, but will 
its influence continue to grow? 


2. The origin of 
cosmic rays 


Cosmic rays are high-speed, high-energy 
particles from space, which we usually detect via 
the less energetic particles they produce as they 
enter Earth’s upper atmosphere. Astronomers 
divide them into several classes depending on 
their speed and energy, and most seem to 
originate from distant supernovas. Perhaps the 
most troublesome, however, are the ultra-high- 
energy rays — tiny subatomic particles that can 
carry the same amount of energy as a baseball 
travelling at 100 kilometres (62 miles) per hour. 

For some years, the likeliest origin for 
ultra-high-energy particles seemed to be 
gamma-ray bursts (GRBs) - enormous blasts of 
energy linked to dying stars or merging black 
holes. But recent studies using the IceCube 
N(erbl ag balonO)oysi-) atcclue) avar-mey-ban el (cme(-1(-1ane)molepalrer 
loleyaXerclaewavelesb aisle: Murs bs(Vomnobubelomuelcmevacronlencrel 
neutrino particles that would indicate this 
origin. Astronomers are now revisiting the idea 
idetclmael=yiacbacpie)ass(cromeyimetclabec-Dme-banlels 
accelerators around supermassive black holes in 
id elem olct-Dameymodje-Dolm: (ance: It-b.¢ (acm 
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Ee E055 field 


<>< oe SS Dark energy seems to be 
| —S a force field of some sort 


we would expect if we relied on previous models of 
cosmic expansion. 

WM atom o) alcpareyentcreleya@ acy oleyetsie) (Biome DN (cremet- are 
energy’ and seems to account for a staggering 70 per 
cent of the universe. Nobody knows exactly what 
dark energy is, but perhaps the most intriguing - 
and even alarming - aspect to the discovery is that it 
seems to be increasing. Until around 7.5 billion years 
ago, expansion was slowing; then the strength of 
dark energy overcame gravity and the expansion 
picked up again. 

If the growth of dark energy continues, some 
predict that the universe might end in a ‘Big Rip’ 
many billions of years from now, when it becomes so 
powerful that galaxies, stars and even individual 
particles of matter are torn apart. 
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a 
that extends across the Ff 


universe, driving the 
| expansion of spacetime 
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r ae 
——— — Spacetime 
The four dimensions of space 
i and time can be represented 
"a as asheet that can be 
distorted by concentrations 
| of mass and gravity 
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can't create high-energy,cosmic rays, . 
‘astronomers need td findsomething even -: 


morepowerful... ©. .. o* 


~ 2% . 
3.Impossible'stars. . 
Occasionally, astronomers come across a star that 
seems to break all the rules and forces them to 
rethink long-cherished theories. In 2011, scientists 
at the European Southern Observatory (ESO) made 
one such discovery in the form of SDSS 
J102915+172927 (Caffau’s star) -astar roughly 4,000 
light years from Earth in the constellation of Leo. 

This star has about four-fifths the mass of our 
Sun, and is composed mainly of hydrogen and 
helium, the two lightest elements in the universe. 
 KoyeXeid otc) oma ecaymont-Hccombl ons baelvbelemelonele leroy ol-) a 6-701 m0) mun 
its entire composition, with heavier elements - 
known as metals - almost entirely absent. 

Such a pure lightweight star must have formed 
more than 73 billion years ago from the raw cosmic 
materials remaining after the Big Bang, but the 
problem is that according to accepted models of 
star formation it shouldn’t have ever been born. 

In order to produce enough gravity to collapse 
and form a star, astronomers believe a protostellar 
cloud needs either to have a significant amount of 
heavier metals or a larger overall mass —- small, 
low-density stars simply shouldn't exist. 


. <0. 00007% heavier elements 





4. The moon that 
shouldn’t exist 


When Voyager 2 flew past Uranus in 1986, its 
close-up views of the ringed planet’s inner satellite 
Miranda surprised everyone. This small 
470-kilometre (292-mile)-diameter moon shows a 
huge variety of different surface features that seem 
to break the rule that smaller worlds don’t show 
geological activity. Astronomers soon nicknamed it 
the ‘Frankenstein moon’, since it looks like it has 
been broken up and reassembled, perhaps in some 
Mele (svelmbalncyge)tcbalcie-Davmenler-(e me slelmislsvaoecr-! 
Jo) cole) (=yeoMivslaommodtcmaelcre)avem Vane: Delot-Woxede)imismnole 
close to Uranus for it to have pulled itself together 
again after breaking up. Instead, some scientists 
think it was reshaped by extreme tides. 


Miranda’s patchwork appearance is 
» evidence ofaturbulent past, but did it 
really break apart and reform? 
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Nicknamed the‘Emerald’eut Galaxy’, 
| ADYAVoy/Asteiop ists Bes) cctsie-) qel(e) ele | * 
that appears to be réctangular 


5. Rectangular galaxies 





- . 


The laws of orbital mechanics mean that stars always follow elliptical (stretched circular) 
orbits when influenced by gravity, so in large groups they form either flattened disc-like 
spirals or ball-shaped ellipticals. The corners of a rectangle should be impossible, but 


, astronomers have found several galaxies with apparently rectangular features. For 
_ «example, LEDA 074886 in the constellation of Eridanus is a compact, rectangular galaxy 


within a nearby galaxy cluster. The big question is whether its shape is a long-lived 
structure or brief coincidence. Astronomers who studied it with the giant Japanese Subaru 
telescope think the latter is more likely, and a collision and merger between two could have 


scattered outlying stars into the box-like distribution, triggering starbirth at the new centre. 


7. The Sun’s corona 
shouldn’t be hotter 


than its surface 


The Sun’s visible surface is one of its coolest 
regions, with an average temperature of 
around 5,800 degrees Celsius (10,472 
degrees Fahrenheit). But while it’s no 
surprise that temperatures towards the 
core rise to around 15 million degrees 
Celsius (27 million degrees Fahrenheit), the 
fact that the Sun’s thin outer atmosphere, 
known as the corona, rapidly soars to more 
than 2 million degrees Celsius (3.6 million 
degrees Fahrenheit) is more puzzling. This 
huge rise in temperature takes place across 
a ‘transition region’ less than 1,000 
kilometres (621 miles) deep, and solar 
physicists still aren’t sure what drives it. 
The leading contenders are shocks caused 
by sound waves rippling across the surface, 
and ‘nanoflares’ - bursts of energy released 
by changes to the Sun’s magnetic field. New 
imaging technology on board NASA’s Solar 
Dynamics Observatory (SDO) mission is 
Jal=)heybatemont-vonmetayome)etcvaleyentsverc meal 
unprecedented detail, and may soon 
provide definitive answers to this enigma. 
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Outer rere) a0) a Fs Meee * 
The Sun’s outer 

atmosphere 

extends for 

aaliiiceyacmeya 
kilometres into . 

space, reaching 
temperatures of 
jon KoA galas 
(3.6mn°F) 


6. The rogue planet 


According to the standard definition, a planet isa substantia 


- object in orbit around a star, formed from the debris left beHind 


in the aftermath ofstarbirth. So how do some planets end up 
floating alone through the galaxy, far from any stars? 


* Astronomers have discovered several of these, of which the 


closest and most intriguing goes by the catalogue name of 


» CFBDSIR J214947.2-040308.9. First spotted in 2012, this rogue 


planet sits about 100 light years away in the AB Doradus Moving 
Group — a cluster of young stars. With a surface temperature of 


around 400 degrees Celsius (752 degrees Fahrenheit), it is 
. probably a gas giant much heavier than Jupiter, either still warm 


from the events of its formation, or perhaps with its own internal 
energy source driven by gravitational contraction. Too far froma 
star to shine by reflected light, the planet was only detected due 
to the infrared glow from its surface. As with all rogue planets, 


astronomers aren't sure if it started life orbiting a star before 


being flung off into space (perhaps in a close encounter with 
another star), or if it formed independently from the same nebula 
as the surrounding cluster, making it a ‘sub-brown dwarf star’. 


a 
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‘ cluster, thisrogue world gives 
- astronomersarare lookat 
a planet far from any stars 
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a Matswolelakomlalcclalels 
consists of increasingly 
hot layers referred to as 

the convective zone, 
gle |Fe1unVicw4e)al=W-lale mere) a=) 
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Ons Visible surface 
The thin opaque layers 
known as the photosphere 
FJale meoinlae)paless)e)al=) com ale \ie 
temperatures of ‘just’ a few 
thousand degrees Celsius 

















el Banta. Seer ee rere Distant quasar 
Rays of light leave a distant 
but bright galaxy such asa 

“quasar and spread out in 


ei x deneectses Dye @antelans) arclimliie)s 4 
ai aemeoro)aer-lalug-ld(e)ame)mer-l a 
lars] auc) are] colelalem-lamiainclavcvaliale) 
galaxy warps spacetime and 
deflects diverging light rays 





\Feessessseesessseeseenserneentenneeatipeeeneeneeneeny Mapping technique 
Oi arews)ar-] eX=e-laleme)alelalaaretsss 
of the lensed images allow 
astronomers to map the 
dark matter in and around 
ldateMialeclavclalialemel=]i-).0V 


Brought together ---:-~ 
The previously diverging : 
light rays passing either side 
of the galaxy now converge 
on their way to Earth 
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Mavaterate galaxy Pr amaaer a, Spniacarana ae a 
An observer on Earth : 
sees the central galaxy 
with warped images of 
1 ale oy-(e1.(e] qe)Ulaleme|Ul-l<t-]4 
on either side 






PSR Bog4310 isa rare pulsar that 
alternates between beaming out 


radio waves and X-ray 





8. The quest to find 
dark matter 


baleen a olsw Mabban Carrs ls]m ce) elevents) cop arahi(omobele(svacinolelommatslmuels\qokcrs! 
lot more to the universe than just the material we can see. 
Normal - or baryonic - matter can’t help but interact with light 
and other forms of electromagnetic radiation - stars emit 
visible light, hot gas emits X-rays, and even the coldest 
material in the universe emits radio waves and infrared, and 
clouds made up of this type of matter also absorb radiation 
that passes through them. 

But there’s another class of matter that ignores light 
completely - so-called ‘dark matter’ that is not just dark but 
entirely transparent to all types of radiation. It gives itself 
away only through its gravitational influence on visible 
objects around it —- for example, affecting the orbits of stars 
within galaxies and galaxies within galaxy clusters. More 
recently, astronomers have also developed techniques to map 
the distribution of dark matter through ‘gravitational lensing’ 
— the way in which large concentrations of matter deflect the 
passage of nearby light waves. 

Evidence suggests that dark matter outweighs visible 
matter by roughly six to one. But what is it made of? 
Astronomers used to think that ‘massive compact halo 
(0) 0) (=Xe1 Koo) IV PANG s (Olstemale)gent-VBentclaccombem coy asetsmrolenet-bace-balel 
faint to detect, suchas lone planets and black holes - might 
make a contribution, but as our telescopes have improved, it’s 
become clear that these objects don’t exist in sufficient 
quantities. Instead, cosmologists now believe dark matter 
consists largely of ‘weakly interactive massive particles’, or 
AYANB OW 0 S2SHer=p:ColuCensqeloycne)eedlemey-Dan(@lcrmaetclmeloemmbelccves(miisiael 
radiation or normal matter, but possess considerable mass. 
But what exactly WIMPs are is still to be worked out. 


PANSindo) elevaatsyeste-bebeets|oneels 
(chfsingloybialoyekeyaer-tec@nst-ldnsas (acest 
the universe, butit’s more likely 
they'll discover its true nature via 
particle experiments closer to home 
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10. Galactic bubbles 


, !wo bubbles of superhot gas, some 25,000 light years in 
’ diameter, extend above and below our Milky Way. Found in 2010 
“via the Fermi Gamma-ray Space Telescope, the ‘Fermi bubbles’ 
are some of the largest structures in our part of the universe, but 
‘how did they form? The bubbles have sharp edges and are 
hollow inside, suggesting expansion from a single-event, 
perhaps millions of years ago. 

One theory is that they are remnants of shockwaves generated 
AVJelcyomuelcmecveleqcKeymeleparct-IC-bqvmepeelcvan(c)elm-MeleeclmOecies ba 
formation followed by a wave of supernovas. Another is that they . 

. were ejected by activity in our central supermassive black hole. 
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Ru UNIVERSE 


As an es ait a 
explanation avers 
mameyatsatotsneymeye)denslneyects 
and galaxies, the Big _. 
Bang is the ultimate | 
theory of everything. 


maine Big Bang theory Berais withasimple 


assumption: ifthe universe is expanding and . 


_ cooling - something Edwin Hubble and company 

proved at the beginning of the 20th Century - then it 

* must have once been verysmall and yery hot. From 
then on, the simple becomes infinitely complex. Big - 
Bang theory is nothing less than the summation of ” . 
everything we've learned about the very big . 
(astrophysics) and the very small (quantum paves) in 

Sad eCcpavlsixeyaraeya elvvect-veudeelorsd aim 

Cosmologists-— “people who study the ofigin and 

evolution of the universe - theorise that 13.7 billion years ; 

- ago,a bubble formed out of the void. The bubble, many 

an ubaatsts smaller thanasingle proton, contained all matter 
and radiation in our current universe. Propelled bya 
mysterious outward force, the bubble instantaneously 
expanded (it didn’t explode) bya factor of1 4027, 
triggering a cosmic domino effect that created the stars, 
the ealaxles and life as we knowit. 





The Planck Cf Time: Zero to 10? seconds 


The Planck era describes the impossibly short 
passage of time between the absolute 


something called Planck density (1093g/cm3), 
the equivalent of100 billion galaxies squeezed 
into the nucleus ofan atom. Beyond the Planck 
density, rules of General Relativity don’t apply, 
so the very dawn of time is still a complete and 
utter mystery. 


Joferabebavbel:Meyanelcnepephy/cvesieupAc) 40) F-b elem (enc 
seconds (10 trillionths of a yoctosecond, if 
you're counting). In this fraction of an instant, 
the universe went from infinite density to 





Inflation era 
In the Eighties, 
cosmologists theoriseda 


Quark era 


After the explosive inflation period, the universe 
was a dense cauldron of pure energy. Under these 


TIME 
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period of spontaneous 
expansion in the very 
early moments of time. 
Instantaneously, every 
point in the universe 
expanded by a factor of 





- 10°°to 10 after Big Bang 


1,027. The universe didn’t 
get bigger, it just was 
bigger. Because the 
universe got so big, so 
fast, its naturally 
spherical shape 
appeared flat to objects 
on the surface, solving 
one of the early problems 
with Big Bang theory. 


conditions, gamma rays of energy collided to 


briefly form quarks and anti-quarks, the 
fundamental building blocks of matter. Just as 
quickly, though, the quarks and anti-quarks 
collided in a process called annihilation, 
converting their mass back to pure energy. 





10°? to 10°” 








Particle soup 





Ifyou turn the heat up high enough, everything melts. When the universe 
was 10-32 seconds old, it burned at a magnificent 1,000 trillion trillion 
degrees Celsius. At this remarkable temperature, the tiniest building blocks 
of matter - quarks and anti-quarks, leptons and anti-leptons — swirled freely 
Hhae= 0 oy-an (el (coloyoner-Olrommacneper-Daeccrcalblovame)t-tjeatsmeslUCevemtoneal=peentstsile) (omedlolcw 
that carries the strong force, binding quarks into protons and neutrons. 














100 3.03" get 3 ae 4 ane are 


DID YOU KNOW? None of the essential elements of human life (carbon and oxygen) were created during the Big Bang 
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- Let there be light. 


The primordial soup of the early 
universe was composed of pairs of 
joysVaalellcre-balon-belacyey-banlellcwe(ealessiehys 
quarks, anti-quarks, leptons and 
anti-leptons). Picture this ultra-hot, 
supercharged environment as the 
original super collider. Particles 
and anti-particles smashed 
together ina process called 
annihilation, producing beams of 


jo) aXolaeyatsnpoecdelmeclont-luleyel matsp selena 
particles collided, more light was 
generated. Some of those photons 
reformed into particles, but when 
the universe finally cooled enough 
to form stable atoms, the spare 
photons were set free. The net 
result: the (observable) universe 
(fo) alec buetse- MeyUNUCoyemmBentcrpenlevccu ered els 
detcDepimelolscpeetclaioe 





X-bosons 


Afunny thing happened at 10°? seconds 


; 


after the beginning of time. The 

UD AUAT(c)asrom O)aeollecremeluexcmey-Damlel(crs 
called X-bosons (1,015 times more 
massive than protons). X-bosons are 
neither matter nor anti-matter and 
exist only to carry the Grand Unified 
Force, a combination of the 
electromagnetic, weak and strong 
forces that exist today. 


The Grand Unified Force drove the 
early expansion ofthe universe, but 





rapid cooling caused X-bosons to decay 


into protons and anti-protons. For 
reasons that aren't clear, a billion and 
one protons were created for every 


billion anti-protons, creating a tiny net 


gain of matter. This imbalance, forged 


oLbbabereecucJeloyame)blopeeumtectcmpicnmelcmacrclsieyel 
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Separation of the 
Electroweak force 


During the Planck era, the four forces 
of nature were briefly unified: gravity, 
the strong force, electromagnetism 
and the weak force. As the Planck era 
ended as the universe cooled, gravity 
separated out, then the strong force 
separated during the inflation. But it 
wasn’t until the end of the Quark era 
that the universe was cool enough to 
separate the electromagnetic and 
weak forces, establishing the physical 
laws we follow today. 





- Acomputer simulatio 
the decay path ofa Higgs 
boson after two protons 
collide in the LHC 
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The origins of 


Everything in the universe - the 
galaxies, the stars, the planets, 
even your big toe - is made of 
matter. In the beginning (roughly 
13.7 billion years ago), matter and 
radiation were bound together ina 


clumps of quarks into protons 
and neutrons, building the first 
atomic nuclei. Halfa million years 
later, conditions were finally cool 
enough for nuclei to pull in free 
electrons, forming the first stable 


Dark forces 


So what is the universe made of? Well, 
there is more to the universe than 
meets the eye. Cosmologists have 
proven that the visible or ‘luminous’ 
portions of the cosmos - the stars, 
galaxies, quasars and planets - are only 








universe is composed of atoms 

fered aycevedlenentclatcve perm el-ymaselmisKer-baKe 
saatsinnsva pbenvstcjle)(cx-beromopelelcincver-le)(cmolels 
with a gravitational effect on baryonic 
matter), and 72 per cent is dark energy, 
a bizarre form of matter that works in 















asmall fraction of the total mass and 
composition of the universe. Using 
super-accurate measurements of 
cosmic microwave background 
radiation fluctuations, scientists 
estimate that only 4.6 per cent of the 


atoms. Small fluctuations in the 
density of matter distribution led to 
olibtsixayace-baleme (ololetcneymastclunva@uersls 
(oye bUassrerate MR OD'(=) Wal balebaarersneyi 
millions of years, into the stars and 
galaxies we explore today. 


superheated, super-dense fog. As 

id elemeDaDAicdasten@ele) (a1oR-Balem=y.¢e)-8ale (som 
id ele pavacimed(cyaalcvelrclgey-bauleltars 
emerged: quarks and anti-quarks. 
As things cooled further, the strong 
force separated, pulling together 


opposition to gravity. Many 
cosmologists believe that dark energy 
is responsible for the accelerating 
expansion of the universe, which 
should be contracting under its own 
gravitational pull. 











Hadron era 


When the expanding universe cooled to 
1,013K (ten quadrillion degrees Celsius), 
quarks became stable enough to bond 
together through the strong force. When 
three quarks clump together in the right 


Lepton era 

During this comparatively ‘long’ 
era, the rapidly expanding 
universe cools to 109K, allowing 
for the formation of anew kind of 
particle called a lepton. Leptons, 
like quarks, are the near 
mass-less building blocks of 
matter. Electrons are a ‘flavour’ of 
lepton, as are neutrinos. 


Nucleosynthesis era 
For 17 glorious minutes, the universe 
reached the ideal temperature to 
support nuclear fusion, the process by 
which protons and neutrons bond 
together to form atomic nuclei. Only the 
lightest elements have time to form - 75 
per cent hydrogen, 25 per cent helium 

— before fusion winds down. 


formation, they form hadrons, a type of 
particle that includes protons and 
neutrons. Miraculously, every single 
proton and neutron in the known 
universe was created during this 
millisecond of time. 





10°° to 1 second 1 second to 3 minutes 3 minutes to 20 minutes 
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DID YOU KNOW? If there were more matter in the universe, its mass would be too great and it would collapse in on itself 
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’ . ae ee j C mM : icraiave Asthe universe Gente. it “ie cools. The iitonceivable heat aes during the Big Bae fias Benn 
en slowly dissipating as the universe continues its 14 billion-year expansion. Using sensitive satellite , 
, pO 5 backg cole ae ra ral ation equipment, cosmologists can measuré the residual heat from: the Big Bang, which exists as cosmic 
. ia _ microwave background radiation.(CMBR). CMBRis everywhere I in the known universe and its 
wise y swale residual heat from gales loyte b: ang can temperature is nearly oyatsjecvole (anippy 2.725K over absolute ge: vibbanatsye proof idetcimuels radiation 
| give usa clue to the origin of the universe emanatedfrom asingle-ancient source. sees 












Minute differentesin a 
microwave background 
radiation levels (+/- 0.0002K) 
reveal fluctuationsinthe’ © 
density oi matter in the 
primitive universe 


Opaque era 

These are the ‘dark ages’ of the 
universe, when light and matter 
were intertwined in a dense 
cosmic fog. Photons of light 
collided constantly with free 
protons (hydrogen ions), 
neutrons, electrons and helium 
nuclei, trapping the lightina thick 
plasma of particles. Itis 
impossible for cosmologists to 
‘see’ beyond this era, since there 
is no visible light. 


20 minutes to 377,000 years ~ 500,000 to the present 


210) (0) | ei Helium atin . 


(two protons and 
-two.¢ trons)’. 


| The ‘God’ particle ; 
We take for granted the idea that if something is made of protons, 
neutrons and electrons, then it inherently has mass. But 

(o{oys} 00le) (oes ksincm elon nvm ele)e(cat(ons etclmaleney-Vanlellcwer-lpeetsie bese Mmenaeslcalt . 
ofits existence. Instead, mass is bestowed on particles as they pass 
through a Higgs field, a quantum field named after British physicist 

Peter Higgs. Imagine the Higgs field as a bowl of honey and quantum 
particles as a string of pearls. As you drag the pearls through the 





honey, they are imbued with mass. Every quantum field hasa 
fundamental particle, and the particle associated with Higgs field is 

the Higgs boson. One of the goals of the Large Hadron Collider at al 
CERN was to prove the existence of the elusive Higgs boson once and 

for all, which it did in 2013 and confirmed in 2017. 
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The Big Bang 
The moment the universe was 
| crate is called the Big Bang. 
Nobody knows how or why, but 
astronomers know the universe is 
expanding today, so at some point 


everything must have been closer - a lot 
closer! One mistake people make is 

§ thinking of the Big Bang as an explosion 
into space, when there was nothing for 
it to explode into. Everything came into 
the existence in the Big Bang. 
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Discover what's happened since then... : 


lo? to 102° seconds 


The Grand 
unification 
epoch 
Today we have four 
fundamental forces: the strong 
force, the weak force, gravity 
and the electromagnetic force. But 


back in the Big Bang, conditions 
were So unimaginably extreme that 
three of these four forces - all of 
them except gravity - were unified 
as one single force. When physicists 
talk about finding a Grand Unified 
Theory, this is what they mean. 


Gravity had separated from the other ‘ 


forces before this epoch. 
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10° and 102" seconds 


Inflation 


Today, one side of the visible 
3 universe looks pretty much like 

the other. For this to be the 
case opposite sides of the visible 


universe must have been in close 
contact to share their characteristics, 


but today they are so far apart that 

| light has not had time to travel from 
one side to another. The answer - 
possibly - is a period of incredible 
expansion called inflation, which 
blew the universe up faster than the 
speed of light. 








After the first three minutes in 

the universe’s already eventful 

life, it was a raging, chaotic sea 
of protons, electrons and neutrons. As 
the universe continued to cool down, 
the protons and neutrons were able to 
combine to form simple atomic nuclei, 
mostly hydrogen, some helium and a 
smidgen of lithium. This process is 
called nucleosynthesis. It was still too 
hot for electrons to join them at this 
point, though. 


: 380, o00 yedirs | 


a 


Cosmic microwave 
background radiation 


It took another 380,000 years for 

temperatures in the universe to drop below 

about 3,000 degrees Celsius (5,432 
degrees Fahrenheit), which is cool enough for 
electrons to attach themselves to atomic nuclei. 
Until this time photons of light were continually 
absorbed or scattered by the fog of free electrons, 
so light could never travel far. When the nuclei 
soaked up the electrons, light suddenly found it 
could travel unhindered. This is the same light we 
see today, stretched by the expansion of the 
universe, as the so-called cosmic microwave 
background radiation. 





200 million years 


The first stars 
gat vee i. The first stars were enormous, 
map , possibly as muchas a 
thousand times more massive 
than the Sun, and they were vital in 
the history of the universe in heating 


and ionising the hydrogen gas around 

them. Inside these stars, new 

elements were created, before being 

4 released into the universe to be 
recycled into new stars and - 
eventually - planets. The first stars 
exploded as supernovas. 











500 million years 


The first 
galaxies 


When the first stars exploded, 

they left behind black holes, 

which merged and grew larger. 
Around these black holes more and 
more gas began to gather and a 
system of stars would form. These 
were the first galaxies, just a few 
hundred light years across but 
densely packed with star formation. 
These proto-galaxies would then 
merge with each other to build into 
the larger galaxies we see today. 
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600 million years 


Birth of the Se 
Milky Way gs 
A star in the halo of the Milky 
Way, named HE 1523-0901, 
has been measured to be 13.2 
billion years old, which means the 
Milky Way too must be at least 13.2 


billion years old. At first only the eae . 
bulge and halo of the Milky Way 7. = 





galaxy formed - the spiral arms were Py: : 
created later. . 
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The dark ages 


’ : Three-quarters of the early 
universe was made from 
neutral hydrogen atoms, but 

' there were no stars or galaxies to 

e gam light up the universe and this period 
is known as the ‘dark ages.’ Over the 
period of a billion years the first 
stars and galaxies formed, producing 


Aol 3° ultraviolet radiation that ionised the 
, . . neutral hydrogen until it had more or 
less all gone. 
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4 billion years 


First galaxy 
clusters 


Galaxies like to meet up 
with other galaxies, 
brought together through 


= 


the force of gravitational attraction. 
We call these galaxy clusters, but 
the first ones are thought to have 
come together around 10 billion 
years ago. These are the largest 
objects in the universe. 
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6 billion years | 


Dark energy 
takes over 


Around 8 billion years ago 

something changed in the 

universe - cosmic 
expansion stopped slowing from the 


force of gravity holding it back, and 
began to accelerate. This is caused 
by an enigmatic force known only as 
dark energy which is causing the 
universe to expand faster and faster 
and makes up 68 per cent of the 
matter and energy in the cosmos. 











DID YOU KNOW? The visible universe isn't everything — there is a lot more, but it’s so far qway that its light has not reached us yet 








g.24 billion years 


Birth of the Sun 


Our Sun and the Solar 
System are only about a 
third of the age of the 


universe. They were formed when a 


! cloud of gas collapsed into a star; a disc 
| of gas and dust began to circle the 
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newborn Sun and eventually coalesce 
into the planets, including Earth. 
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13.82 billion years 


Present day 


The universe today is a very 
| different place to the 
| universe just after the Big 


“= Bang. Matter has been organised into 
-* planets, stars and galaxies. The 


">> galaxies are all moving away from 


one another at a constantly 

accelerating rate. The Sun is midway 
_ through its life and Earth will remain 

habitable for a few billion years more 
_ before the Sun grows too hot. 





19 billion years 


The Sun will not last 
forever. One day it will 
have used up all its 


hydrogen fuel for producing energy 

wae =by nuclear fusion and will die by first 
expanding into a red giant that will 
swallow the inner planets, including 
Earth. Then the Sun’s expanded outer 
layers will break away to form a new 
planetary nebula. All that will be left 
of the Sun will be its white-hot core, 
which is known as a white dwarf. 


Pee | 
the universe 
After the question ‘where did the 
universe come from’, the next big 
question on everybody’s lips is: ‘what will 
happen to it in the future?’ There are 
several possibilities and it comes down 
to which force will win out: gravity, or 
dark energy? If dark energy stops 
expanding the universe, the gravity of all 
the galaxies and dark matter could cause 
ima Kom ol=Le] al Keke) niu g-\e1 mr-\ey-] [nM ele)<3-1] 0) \Var-] || 
1uat=M\r-bVAre(e) 120 Kom Be) [ale] (om ole) | nimmer-|Uis)ale 
Flalo)aaiclau sje mst-)alemyAvinclaarcluhY(c) \Amualcl ao 
fanl(e|avem alelem ol=M=)a1e)0 le] amant-1 aX) kem-iKe) om ants 
r=>-4 oy-lali(e)a elim dalomUlalhVclecstom-] aem\Vclavaualiale 
WiVCole] (oMoxe)aldale(cmcome| dina] ey-laum-i(e) Vi 1ale) 
but never stopping. If this happens, 
eventually after trillions of years all the 
stars will die and atoms will decay and 
the universe will be dark forever. The 
worst-case scenario is that dark energy 
will increase the universe’s rate of 
expansion, pulling galaxies, stars, 


planets, even the universe itself, apart in 
a so-called Big Rip. 


Death of the Sun 
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here may beas many as10 billion 

trillion stars in the 100 billion galaxies 

throughout the universe, but “only” 
about 100 billion in our galaxy, the Milky Way. 
Most stars comprise plasma, helium and 
hydrogen. They form when giant molecular 
clouds (GMCs), also known as star nurseries, 
experience a gravitational collapse. This increase 
in pressure and temperature forces fragments into 
a body known asa protostar. Over the course ofits 
life, a typical star goes through continuous nuclear 
fusion in its core. The energy released by this fusion 
makes the star glow. 

Stars are classified according to the Hertzsprung- 
Russell Diagram, which lists their colour, temperature, 
mass, radius, luminosity and spectra (which elements 
they absorb). There are three main types of star: those 
above, below and on the main sequence. Within these 
types, there are seven different classifications. We're most 
familiar with the main sequence star that we callthe Sun, a 
type G yellow-white star with a radius of 700,000 kilometres 
anda temperature of 6,000 kelvin. However, some stars above 
the main sequence are more than a thousand times larger than 
the Sun, while those below the main sequence can have a radius 
of just a few kilometres. 





star Is born 
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The cool star 


Red dwarfs are small and relatively cool stars, which while being large in 
number tend to havea mass of less than one-half that of our Sun. The heat 
generated by ared dwarf occurs ata slow rate through the nuclear fusion of 
hydrogen into helium within its core, before being transported via convection 
toits surface. In addition, due to their low mass red dwarfs tend to have 
elongated life spans, exceeding that of stars like our Sun by billions ofyears. 


















A star explodes 


Ifastar has enough mass to become a supergiant, it will 
supernova instead of becoming a white dwarf. As nuclear 
fusion ends in the core ofa supergiant, the loss of energy 
can trigger a sudden gravitational collapse. Dust and 
gas from thestar’s outer layers hurtle through space at 
up to 30,000 kilometres per second. 


Almost a star 


Aprotostar isa ball-shaped mass in the early stages of F 
becoming astar. It’s irregularly shaped and contains dust ae 
as wellas gas, formed during the collapse ofa giant 


molecular cloud. The protostar stage in astar’s life cycle | . . 

can last fora hundred thousand years as it continues to wz 

heat and become denser. 

Star or planet? ) | 

Abrown dwarfis sometimes not even : : 


considered a star at all, butinsteada 
sub-stellar body. They are incredibly small 
in relation to other types of stars, and never 
attained a high enough temperature, mass 
or enough pressure at its core for nuclear 
fusion to actually occur. Itis belowthe main 
sequence on the Hertzsprung - Russell 
Diagram. Brown dwarfs havea radius about 
the size of Jupiter, and are sometimes 
difficult to distinguish from gaseous planets 
because of their size and make-up (helium 
and hydrogen). 





The rarest star 


Supergiants are among the rarest types of stars, and can beas large 
as our entire solar system. Supergiants can also be tens of thousands 
of times brighter than the Sun and have radii of up toa thousand 
times that of the Sun. Supergiants are above the main sequence on 
the Hertzsprung-Russell Diagram, occurring when the hydrogen of 
main sequence stars like the Sun has been depleted. 
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Compared to other stars, the Sun is in the middle of the pack 
when it comes to size and temperature 


Only gas pressure 
counter-balances gravity 


Star starts.to collapse as _ = continues to 


Small, dim star 
hydrogeni is used up collapse asno helium pracually fades 
burning occurs 





Catch a dying star The stellar remnant 


White dwarfs are considered the final phase in astar’s life cycle unless it attained enough mass to Black dwarfs are the hypothetical next stage of star degeneration after the white 
supernova (and more than 95 percent of stars don’t). The cores of white dwarfs typically comprise dwarf stage, when they become sufficiently cool to no longer emit any heat or 
carbon and oxygen, left over after the gas is used up during nuclear fusion and occurring aftera light. Because the time required for a white dwarf to reach this state is 
main sequence star has gone through its giant phase. A white dwarf is small, witha volume postulated to be longer than the current age of the universe, none are expected 
comparable to that of Earth’s, but incredibly dense, with a mass about that of the Sun’s. With no to exist yet. If one were to exist it would be, by its own definition, difficult to 
energy left, a white dwarfis dim and coolin comparison to larger types of stars. locate and image due to the lack of emitted radiation. 

“= 





Beyond the supernova 

Ahypernova is a supernova taken to an even larger degree. Supergiant 
stars with masses that are more than 100 times that of the Sun are 
thought to have these massive explosions. Ifa supergiant were close to 
Earth and exploded into a hypernova, the resulting radiation could lead 
toa mass extinction. 










Neutron, 
stax 


AllImages © NASA 













The neutron dance 


Neutron stars are a potential next stage in the life cycle of astar. Ifthe 
mass that remains after a supernova is up to three times that of the 
Sun, it becomes a neutron star. This means that the star only 
consists of neutrons, particles that don’t carry an electrical charge. 


The absence of light 


Stellar black holes are thought to be the end of the life cycle for 
supergiant stars with masses more than three times that of our 
Sun. After supernova, some of these stars leave remnants so 
heavy that they continue to remain gravitationally unstable. 
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Infinite Earths and alternate realities: does this 
controversial theory have any scientific basis? 


t’san understatement to say that the 
multiverse theory is one of the most 
controversial theories in science. In fact, 
merely putting this in the Space section ofthe 
magazine, and nota newly created Theology 
section, would ruffle a few astrophysicists’ 
feathers. But why is this the case, and is there any 
basis for suggesting we live in a multiverse? 

The origins of the multiverse theory area grey 
area. Some, like David Deutsch in his book The 
Beginning of Infinity, point to Erwin Schrédinger 
and his famous equation. This broadly 
introduced the idea of quantum mechanics, in 
whicha particle can be in two states at once, in 
the first half ofthe 2oth century. It would be many 
years until the broader implications of the theory 
were given serious thought, though. 
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You're probably more familiar with the 
multiverse theory in different terms - parallel 
universes — so let’s begin there. At its core, the 
multiverse theory suggests that our universe is 
not alone, but perhaps one of many in some form 
or another. Just as we discovered Earth was one of 
many planets, and that the Milky Way was one of 
many galaxies, some scientists think the same 
could be said of the universe. 

As of yet, we have no direct evidence for 
multiverses (and even that prospect is 
contentious, which we'll come on to later). But our 
best indirect evidence for its existence is a 
peculiar one. It stems from how exact certain 
mathematical constants in the universe are. The 
cosmological constant, for example, is a value for 
the energy density of the vacuum of space. Its 





existence explains how the universe is 
expanding at an ever-increasing speed, 
something first discovered in 1998. 

But the cosmological constant is 120 orders of 
magnitude smaller (that is, ten to the power of 
minus 120) than theory predicts it should be. 
Thus, even a small change in its value would have 
rendered our universe a mess of nothingness 
after the Big Bang. So, too, for the values of dark 
energy. How were these mathematical constants 
so finely created? 

“If [dark energy] had been any bigger, there 
would have been enough repulsion from it to 
overwhelm the gravity that drew the galaxies 
together, drew the stars together, and drew Earth 
together,” Stanford physicist Leonard Susskind 
told Discover Magazine in 2008. “It’s one of the 





greatest mysteries in physics. All we know is that 
ifit were much bigger we wouldn't be here to ask 
about it.” 

The multiverse theory has an answer, though. 
It suggests that in our universe, the cosmological 
constant is exactly the right value for everything 
as we knowit to exist. But there are an infinite 
number of other universes, where it is ever so 
slightly different. 

Working on the pretence that this is true, what 
form would these other universes take? That’s the 
ng lekeyaey-DaumMelace-bace-Wt-beccwelunselel<omeyanelcieyelawsp 
from Max Tegmark’s four levels of classification 
(explained later), to M-theory (which 
encompasses string theory), to cyclic theories, 
where the universe is in an infinite number of 
cycles between Big Bangs and Big Crunches. 


Tegmark’s four levels encompass the broader 
multiverse theories. The Massachusetts Institute 
of Technology professor suggested them in 2003, 
presenting them as a way to classify ideas for the 
multiverse. “Parallel universes are not a theory, 
but a prediction of certain theories,” he said in his 
2014 book Our Mathematical Universe. The first 
level deals with the observable universe, which is 
the extent to which we can see in the universe. 
Owing to the finite speed of light, we are only able 
to see as far as light has been able to travel to us 
since the Big Bang, 13.8 billion years ago. Due to 
the expansion of the universe, though, we are 
able to see light that is now more than 42 billion 
light years from us, which we call the observable 
universe. But we cannot see beyond this; what is 
there, we just don’t know. 


Building a multiverse 


pV romUlaliv{s) ecy2com ole)a aM lale)rs(e1,@ ave) (s¥¢ 






Singularity 

Tassie (=Wr-) floral are) (=micwr-| 
pea-sized singularity, 
where gravity is 
essentially infinite 


Rip 
WM alicmaatsve)avaciele(e(stcimcmaarels 
the singularity can rip a 
are)(=Mlamuatemelaliclesiee 
perhaps when it collapses 


3) Felon @nle) (=) 
One theory is that black 
holes are responsible for 
creating new universes 


Death 

uals elt-lelq@ are) (= 
fore) | f=] os{=soom (et-hVA ale 
ek=) avi aremaars 

new universe 


Controversy 
This is of course 
oy a) Ware mual=\e)avarels 
the moment. 
There is no direct 
evidence that this 
actually happens 





Event horizon 

Tatsile(omualicmasye)(e)ame)mual= 
black hole, gravity is so 
Taleclarsiomdarelmalelualiave mem ates 
even light - can escape 


syd eye lace! 
aM arewsiialeelr-laiavaealcial 
begins to expand, 
Ke) aaaliate m-Marc\iMelal Vic) es1 
- a Big Bang moment 


Physics 

Fach new universe 
would form with its own 
Fe \WVASMe) im ©) a \ VAs) (oxcear] ale me) al Wz 
some would survive 


Tegmark’s first multiverse level suggests that 
there is no end. Instead, the universe just keeps 
going and going, infinitely. Iftrue, this would 
create an infinite number ofinstances for 
everything to occur. So, at some astronomical 
distance away from us, we would find an Earth 
exactly the same as ours, and you would find 
yourself sitting there reading this very article. 

The second level is similar to the first, but 
proposes that while the whole multiverse is 
expanding, there are regions within it that 
expand at different rates, forming bubbles of 
self-confined space - in other words, bubble 
universes. Our universe would be one bubble, 
with an untold number of other bubbles beyond, 
each with their own laws of physics. In 2015, a 
later, widely discredited theory suggested 


"As of yet, we have 
no direct evidence 
for multiverses” 



























Talireiacey al 

The new universe 
rapidly expands, a 
fek=\a (ele m=mer=]| 
forosan com invarelaceya 





mexevel lace) 

One version of this theory 
suggests material sucked 

in by the black hole ‘feeds’ 
the new universe 
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bubble universe had actually ‘bumped’ into one 
another, producing a noticeable glow in the far 


reaches of space. 


In the third level, things start to get a little bit 
strange. Like the first, it suggests that the laws of 
physics are the same everywhere, but rather than 
different universes being separated by distance, 
as in the second level, they are in fact separated 
by time. The laws of quantum mechanics, as 
mentioned earlier, allow for a large number of 
uncertainties and possible futures (for example, 
whether Schrédinger’s famous ‘cat in the box’ is 
dead or alive). In this level, all ofthese 


- Different types of multiverse — 
Nies Dhl ke “We have no way of jumping 
| to anather t universe ~ 


.An extension. 

. Ourviews into the universe . 
are limited by the age of the 
‘universe. We cannot see 


further than the time light has . 


“: had to travel to us, which — 


when you take the expansion 7 


_ ofthe universe into account, 

comes to 42 billion light years. 
But this multiverse: theory 

suggests. that, beyond this .. 
distance, the universe | 

~ continues into infinity. And’ 

on this wouldmeanthat 

eventually, by chance, 


4 


‘beyondour 
observable 
, - universe though, 
without finding 
.some fanciful way 
- ' to travel faster than 


" maynever know what i is 


our OWN. 


everything would start to 
 fepeat itself- even Earth, 
itself. It will be 


impossible to ever 
know whatis — 


light. Until then, we. 


efenieyerel our vision.- 


possibilities would play out. Every single 
eventuality would occur, and each time, anew 
universe would be created along with it. For usas 
observers, though, we only see one universe - 


The fourth and final level, the mathematical 
multiverse, is fairly difficult to comprehend. It is 
Tegmark’s own theory, presented in Our 
Mathematical Universe. It essentially implies that 
the universe is composed entirely of 
mathematics, and we are merely constructs 
within that. But the book and theory have come 
under some heavy criticism. 


One of the main arguments against the 
multiverse theory, though, is that it fails one of the 
very cornerstones of science itself: falsifiability. 
This is the ultimate test for any scientific theory, 


namely that it can be proven wrong. For example, 


than four. 


if you put forward the theory that every animal on 
Earth had four legs, someone else could refute 
that theory by finding an animal with more or less 


No multiverse theory is currently falsifiable. We 
simply don’t have the means to disprove some of 
the claims being made. We will never be able to 


journey beyond the observable universe, and 


The bubble universe 
- This aetsoaigeceyelestts that there | 


are many ‘bubble’ universes 


ae living alongside each other. The. 


_ key behind the theory is cosmic 


inflation, which is the period of 


~* rapid expansion the universe 
went through in its first trillionth 
.-Ofatrillionth ofa trillionth ofa - 


second. This ultimately gave rise 


.. tothe universe as we knowit. 


















According to this theory, 
different regions of space — 
expanded at different rates; ~ | 
forming their own ‘bubble: 


_ Tegions alongside ours. In theory,” 


there could be an. infinite 
numb er of these bubble 


universes alongside ours, witha 
contentious version suggesting. 
v each has its own laws of physics.” 








DID YOU KNOW? One bizarre multiverse theory suggests, in gn infinite multiverse, we could be a simulation mage by aliens 





thus could never disprove the notion that there Of course, falsifiability itself has its detractors. The idea of a multiverse is undoubtedly an 

are other parallel bubble universes out there, or Other more widely accepted theories,suchasthe __ intriguing one. It has inspired a huge range of 

an infinite universe. Assuch,manyarguethatthe existence of dark matter or dark energy, may not science fiction, and has garnered support from 
multiverse theory should not be treated asa be falsifiable. Should we also consignthosetothe §someofthe most prominent physicists today. “It 
theory at all. Itshould be condemned to the scrapheap? It’s fair to say that this is a topic that would not be beyond the realms of possibility that 
pseudoscience bin. draws heated debate in the scientificcommunity. | somewhere outside of our own universe lies 


“The trouble is that no possible astronomical And even aside from falsifiability, werunintoa another different universe,” Professor Stephen 
observations can ever see those other universes,” problem. Not only can we not disprove multiverse Hawkingsaidin 2015. Butit remains divisive, and 
said cosmologist George Ellis in an article theories, but we can’t currently prove them either. will doso for the foreseeable future. For now, it 
published in Scientific American in 2011. “The We have no way of jumping to another universe, remains a fringe theory in some corners of the 
arguments are indirect at best. And even ifthe or even observing one. How are we supposed to scientific world. And perhaps in an issue of How It 
multiverse exists, it leaves the deep mysteries of sift through the myriad of claims being made Works in an alternate universe, it isindeed 
nature unexplained.” when there is no direct evidence available? confined to the Theology section. 





“Many worlds 


_ | The many-worlds theoryrelies  - everything around us, at all 
- onquantum mechanics.The times. Each time there is. a_ 
quantum worldisodd,inthat ‘split’, anew universe is ~ 
. raavbeterecyitelel asphotons.can ~~. created, giving rise toan 
- appear to bein two places, or infinite number of universes. 
‘states, at once.Itisonlywhen _ Thisisprobably the closest 
owe observe the red ateyreyel that its theory to the idea of ‘parallel 
state is decided: cue - universes ‘where one could ° | 
In fantts theory, though, both envision jumping into anearby | 
states exist. And, in fact, this i is _ universe. It’s pretty unlikely. 


happening constantly for ce that’ ll everbe possible, though, 





Mathematical u universe 


This theoryis probably delcne)elcoum perceive this seemingly | 





_- that is most widely derided. . ‘real’ world. . 
Max Tegmark goesinto detail __ It is described by some as ‘the 
inhis doorstop ofabook Our’. ‘ultirnate'ensernble’ and, owing | 
Mathematical Universe, butin . -. toitsnature being ~ | , 
. essence, it suggests that our : everything broken down 
-<universe,andallother -~ 2 pbelne mathematics, there 
“universes; are nothing but _ Ketoloolmer another 
- mathematical constructs. i) broader multiverse | 
-. are quite simply lumps of | theory beyond it. As (0)) 
| ‘mathematics manifestedasa might have guessed, it’'sa = 
‘... consciousness that can ‘+ . bit controversial. 


Arguments for and against the multiverse 


FOR > AGAINST 
Cosmic inflation Piel yay 
Our universe grew exponentially in the first moments of its existence, but : There is no way for us to ever test theories of the multiverse. We will never 
was this expansion uniform? If not, it suggests different regions of space : see beyond the observable universe, so if there is no way to disprove the 
grew at different rates -and may be isolated from one another. : theories, should they be given credence? 
Mathematical constants : Occam’s razor 
How are the laws of our universe so exact? Some propose that this : Sometimes, the simplest ideas are the best. Some physicists argue that we 
happened only by chance - we are the one universe out of many that : don’t need the multiverse theory at all. It doesn’t solve any paradoxes, and 
Jakcho)ox=yelsromnonex-imaatcmoleberleracpaelcaelm : only creates new complications. 
The observable universe No evidence 
What is beyond the edge of the observable space around us? No one knows : Not only can we not disprove any multiverse theory, we can’t prove them 
for sure, and until we do (which could be never), the thought that our : either. We currently have no evidence that multiverses exist, and 
universe extends infinitely is an interesting one. : everything we can see suggests there is just one universe - our own. 
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[6] 0)0)(-Wat-loecj ale) Va mes) Dark history 


ante) ame) mual=MelalhVclesi= 
than we ever expected The Hubble Space Telescope 


has successfully mapped a 
cross-section of dark matter in 
the universe to a distance of 
6.5 billion light years. 
Astronomers measured the 
shape of galaxies in images of 
this cross-section - the huge 
amount of dark matter acts as 
a gravitational lens, warping the 
light from the galaxies. The 





= a >) degree of lensing shows how 
much dark matter is present. 
aw eee The results showed that dark 
i somatter has become clumpier 
2 — — sCWithtime, as gravity pulls it and 


| ordinary matter into a giant 
~ web across the universe. 





— i » | 
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‘in the universe, something is 

hat We're not able to fully 

in. Over three billion light years 

n Earth, two great clusters of 

Tcbe-nee) Ub Cobucloa MetcRcjecbacmbemoleldelsba= 

ively unaffected in the melee, but clouds 

hot, X-ray emitting gas are crashing into one 

aother, stitching the two galaxy clusters into 

one new one: meet the Bullet Cluster, one of 

the most energetic events in the cosmos. Yet 

amid the epic confrontation of the clusters, 

something mysterious lurks, something for 

which the only name we have is ‘dark matter’. 
Within the Bullet Cluster we can see the 

galaxies. We can see the gas, which 

actually makes up most of the mass that 


emits light, more than even the galaxies. But 


Ju lDbeLabelce(e)mmatcmbentstile)(smest-tcmaerclmentelcocmele 
85 per cent of matter in the universe 


there is a completely invisible component - 
dark matter - yet its presence is perhaps the 
most crucial. 

Dark matter’s name implies that this 
mysterious substance is dark, but it is more 
than that - it is invisible, refusing to emit or 
absorb any forms of light or radiation that 
could reveal its existence. It passes straight 
through ordinary matter. We cannot smell, 
taste, touch or see it. What we do know is that 
it accounts for 27 per cent of all the mass and 
energy within the universe (normal matter is 
only five per cent and dark energy, the 
mysterious force accelerating the expansion of 
the universe, makes up the remaining 68 per 
cent) and it’s likely to be made of some form of 
Ub aXe bEsKeron'(2) core mc] Loy-inepeeb (em oy-banlel (om 


mm Hinalcp tow ceatoyiisem-lorelvimim-belom-Nemaetsimaels 
numerous searches for dark matter particles 
have done is rule out various hypotheses, but 
there have never been any ‘positive’ results”, 
says astrophysicist Maxim Markevitch, who 
has carefully studied the Bullet Cluster for the 
effects of dark matter using NASA’s Chandra 
X-ray Observatory. 

However, there is one way in which it grabs 
our attention, which is through the force of 
gravity. One of the effects of this is clearly 
played out in the Bullet Cluster. It is this that 
allows astronomers to work out where the 
dark matter in the Bullet Cluster is located, 
even though we cannot even see it. Albert 
Einstein’s General Theory of Relativity 
described how mass can bend space. Some 
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people like to use the analogy of a cannonball 
on a sheet of rubber - the cannonball causes 
the sheet to sag. If you imagine the ballis an 
object like a galaxy ora star and the rubber 
sheet as space, you can see how mass bends 
space. However, light prefers to take straight 
paths through the universe, so what happens 
when it arrives at a region of space that has 
been warped in this manner? The light will 
follow the path of curved space, bending its 
trajectory. In this way a massive object in 
space can act like a lens, bending and 
magnifying light. This effect was predicted 
by Einstein nearly 100 years ago and we call 
these gravitational lenses. 

Because galaxy clusters are so huge, they 
create formidable gravitational lenses. They 
can magnify the light of even more distant 
galaxies, but it is not a clear image, rather 
distorted arcs or smudges of light and 
occasionally a complete ring. We can see 
gravitational lensing by the Bullet Cluster, 
magnifying the light of distant galaxies. But 
when scientists analysed the gravitational 
lens, they found something stunning - the 
lensing effect was too strong to be accounted 
for by the mass of only the galaxies and the 
gas. There must be some other type of mass 
there, hidden. This is dark matter. From the 
pattern of the lensing, it is possible to work 
out where the dark matter in the cluster is, 
AY ob Col ol ek-tom (ot-(omnom-Dalolmelsympacveet-bace-le) (= 
discovery. As the clusters collided, the 
galaxies and the gas have begun to merge, 
but the dark matter surrounding each cluster 
has slid silently through, not interacting with 
anything at all. 

The Bullet Cluster was not the first time we 
saw the effects of dark matter. That discovery 
goes all the way back to 1933 when famous 
astronomer Fritz Zwicky at the California 
Institute of Technology (Caltech) noticed that 
galaxies orbiting around the edge of galaxy 
clusters were moving faster than they should. 

Why should they be moving at a particular 
speed? In the 17th Century, Johannes Kepler 
devised his laws of orbital motion, the third 
one being that “the square of the orbital 
period of a planet is directly proportional to 
the cube of the semi-major axis of its orbit.” In 
other words, the farther from the Sun, and 
therefore the centre of mass of the Solar 
System, the slower a planet orbits. This 
should also be the case for galaxies orbiting 
galaxy clusters, but Zwicky found that 
galaxies on the edges of clusters were 
orbiting just as fast as those closer in. This 
implied there must be some unseen mass in 
the cluster helping things along with its 
gravity. He called this dark matter, but his 
idea was generally ignored. It was only in the 
1970s when astronomer Vera Rubin of the 
Carnegie Institution for Science noticed the 
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Cosmic lenses 


Bhal-malerecow-lanrelelaie-Me)mel-la @uar-lanelg 
in clusters create powerful 
gravitational telescopes 


Background object 
Astronomers use gravitational 
lenses as natural telescopes, 
which magnify the light of 
distant galaxies and quasars 

too faint to otherwise be seen 
and which tell us about the 

early universe 


Dark matter 
Over 80 per cent of 
the matter in a galaxy 
cluster is dark matter 





21% 


DARK MATTER 






Light path 
Light travels straight until 
it reaches the cluster 


Great distance 
Billions of light years 

§ are between the 
background object and 
the lensing cluster 





* . 
How a lens works a aanes 7 
These are formed when large ee AS 
structures like clusters of + * Hiv : 


galaxies bend space with their ations RAS SS. © oe : 
mass, creating a natural lens : 
that can bend and magnify light 
of more distant objects 


5% 


ORDINARY MATTER 


—_ 


bl 








Magnifying lens 
Space is curved by the 
cluster, so light follows 
a curved path 


Expanding 
universe 


Gravity and dark 
energy are engaged 
Tame clan ke) anata 
universe. Gravity, 

‘old lantlaI\amiaelanmer-|a 
matter but also 
o)cellatclavmanrclaks) arelare 
black holes, is trying 
to slow and reverse 
the expansion of the 
universe. 


Galaxies = park ) 
Galaxy clusters can | 


contain hundreds or ia 
thousands of galaxies om || 


ie 


Hidden mass 

Galaxy clusters create stronger 
lenses than the mass of their 
visible galaxies and gas can 
account for. There must be 
something else present that 
remains unseen, which must be 
dark matter 
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Meanwhile, dark 
energy is trying to 
accelerate it and 
push the many 
galaxies that occupy 
it, away from us. 
Until eight billion 
years ago gravity 
was winning, but 
now dark energy is 
Tabs Ksxexsvalellalenva 
permeating its 
every pore. 


Multiple images 
The light can take 
many paths, resulting 
in multiple images 


Arcs and rings 

The magnified images are 
warped into arcs or stretched 
into rings of light. Astronomers 
can still get important 
information about the lensed 
object by spectroscopically 
studying its light 











The Alpha Magnetic 


Spectrometer 


Scientists are attempting to detect evidence for 
OR-DaKq@antclntcy@bemsbem=>.qol-vanenlcvelmer-DUlctommaCewauye) etl 
W/E Fea aXzim Comey olsrerm ce) eetsins) a PAV\Ves) me)emeler-baemaels 
International Space Station. It is designed to 
detect charged particles called positrons, a 
type of antimatter, which are thought to be 
emitted at certain energies when two dark 
matter particles collide. In 2013, scientists 
studying the data from AMS revealed it had 

(o C=} Kero] Kero Waele) qcma et. beWAelemoleren olel-jimaeyelse- lima elec 
energies, strongly hinting they were from dark 
matter, although there was not enough 
information to be certain. 





Galactic centre 
Although the ISS orbits 
370km (230mi) above our 
heads, the positrons are 
believed to come from 
dark matter particles in 
the galactic centre 
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Space station 

The AMS was delivered 
to the International 
Space Station in 2011 by 
Space Shuttle Endeavour 
and is mounted on the 
station’s exterior 


same problem with the orbits of stars and gas 


near the edges of galaxies. This time the 
problem was noticed and today dark matter 
is one of the biggest puzzles of cosmology. 


Dark matter now forms an integral part of our 


models of how galaxies grow - we envisage 
galaxies in halos of dark matter, whichis 
spread across the universe in a great cosmic 
web, pulling matter toward it and making 
galaxies and clusters expand. 

The Bullet Cluster might hold the best 
evidence for dark matter, but astronomers 
and particle physicists seeking to shed light 


1VA0) 


Transition 


Radiation Detector 
Using X-rays to distinguish 
positrons (antimatter) from 
electrons (matter), this detector 
can tell the difference between 
particles at high energies 


—~ez 
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Silicon tracker §& 
| The tracker is able to (iiiay 
me distinguish between |e 
® positrons and other 
cosmic rays by 
determining the 


The magnet can charge of the particle 


separate matter from 

antimatter as their 

different charges cause — 
them to move differently L a 
in the magnetic field 











= Anti-Coincidence 
=a 4, Counter 
— Spitting out about 80% 
2 Of the particles that pass 
Sg through it, the counter 
only holds onto particles 
deemed useful. 


Time-of-Flight 
System 

Acting as the AMS’s 
stopwatch, this 
instrument is able to 
measure the time it 
takes for a particle to 
pass through, 
calculating its velocity 


Electronics 

Signals detected by the 
AMS'’s many particle 
detectors are 
converted into digital 
so they can be analysed 
by computers 


on this substance are building new 
experiments to try to catch dark matter so 
that we can finally find out what it is. 
Although evidence from space suggests that 
(ok DaC@ent-lans) me lolctmalompeln-ve-(amilsemoyaonbetcvays 
matter on large scales, physicists suspect 

id ekcLme)ommalcucer-U(omey mbalOBAia(oet-Umor- ban lel (c\pmers bare 
matter sometimes does interact. There must 
be trillions of these particles passing 

id ebaolercdemvace-lmr-Dehi@cahiccvemenleyeeCsvelumeloima els 
interactions are so rare that scientists may 
have to wait years in order to observe one. 
Physicists describe these particles as WIMPs, 


an abbreviation that stands for Weakly 
Interacting Massive Particles. 
GaMeyae(=yanconnc-\oe-Mot-bacq@ettclnn-yaey-banlelemeel 
the act, most experiments take place far 
underground, away from any cosmic ray 
radiation on the surface that could 
potentially interfere with and contaminate 
the results. Experiments such as the 
Cryogenic Dark Matter Search, locatedina 
mine in Minnesota in the United States, have 
freezing cold detectors, cooled to fractions of 
a degree above absolute zero, in order to help 
them search for the heat produced when a 





DID YOU KNOW? Scientists believe dark matter particles are likely so light that the LHC would be able to produce them 


Dark matter Is for W 


The Large Underground Xenon (LUX) 
experiment is buried deep beneath South 
Dakota, now home to the Sanford 
Underground Laboratory. It consists ofa 
large tank filled with 370 kilograms (816 
Jole)e bales) Mey melo pvelem.c-velevem-Balomny(e)aceneyemuels 
assumption that dark matter is made of 
Weakly Interacting Massive Particles, or 
WIMPs. Occasionally a WIMP should 
interact with a xenon atom, emitting 
electrons and ultraviolet light. LUX has 
been working since 2012 and so far has 
found no evidence for WIMPs, but this has 
allowed scientists to constrain their 
models to narrow the search. 


Going underground 
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WIIVIPs 


The Large Underground Xenon experiment is searching for dark 


matter in South Dakota 


D Liquid xenon : @ Interaction 
Some theories on : During the 
dark matter suggest : interaction, the xenon : 
imoxe) 0] (e Melexer-s-1 (6) ar-l Az r1 Ke) palom a=xexe)| mr] alone] a 
interact with atoms __: electron and a UV 
such as xenon. me) atolkolalr-lacK-aalian-ver 


WIMP collides with an atom of a substance 
such as germanium. Another experiment, 
1d alow e-bacxom Op aCol-vacaqelonscom.(-veleyonpMODe Ker. bace 
matter detector, is located 1.6 kilometres (one 
mile) under the Black Hills of South Dakota, 
USA. It contains tanks of liquid xenon for 
WIMPS to interact with, the interaction 
producing signature radiation that can then 
be detected. 

sWal-welbbelm@ioymot-bacq@ent-lnn-yar- 0 tsremns i icstom ove-Cas 
in space, however. On rare occasions dark 
matter particles could collide and annihilate 
each other, releasing an antimatter particle 


: @ Ultraviolet 

: At a wavelength of 
175nm, the UV 

: photons are detected 
: by sets of photomulti- : 
: plier tube. 


:@Electrons :©@ Tank 


: The electrons drift to 
: the top of the tank 

: where they are : 
electrically stimulated : 
: to emit visible light. 


Keaton (gems toe-m oleys)iaqevemimelce-bolwcyey-baula(-mronsers 
negatively charged electron), but because 
there is so much dark matter in space, 
particularly in dense clusters close to the 
centre of the galaxy, there should in theory 
be asteady stream of positrons being 
jo) cole LoCeccle Pm \\Ceniva-bem=o.¢el-vabentevelmeyema ele 
International Space Station, the Alpha 
Magnetic Spectrometer, may have detected 
some of these positrons. 

Some astronomers think we shouldn't be 
searching for dark matter at all, as they don’t 
believe it even exists. Concerned that dark 


The experiment is 
Fax al(s)(e(=te mlatsi(e (owl) 
: 8x6m (26.2x19.7ft) 
water tank that keeps : 
: out external radiation. : 


















: © Light sensors : © Cryostat 


: The experiment has 
1 Koll oo <=) 0) mexe) (om ie) g 


: Two sets of 
: photomultiplier tubes, : 
122 in all, are arranged D<clalelamcomczlaar-lin 
Fm dai Ke) eM] atom ofo)ace)an mea (e[6](e Mecele)| laren MUD @re) 
of the experiment. —: -120°C (-184°F). 


matter theory adds more complexity to the 
universe than is necessary, they argue that 
the gravitational effects we infer as being 
down to dark matter suggest that we simply 
need to tweak the laws of gravity instead. As 
a result, dark matter now has a theoretical 
rival called Modified Newtonian Dynamics, 
or MOND. Will the theory of dark matter be 
usurped or vindicated? As time goes on, the 
chances of experiments detecting dark 
matter will increase, so the answers for 
which we've been searching may soon come 
into the light. 
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Active galaxies 


The powertul galaxies that swallow their surroundings 


galaxy isa large system of stars, gas, dust and dark 

matter bound together by gravity. Most normal galaxies 

emit light from their stars, but a small number give offan 
enormous amount of energy from their centre in wavelengths of 
light that are invisible to the naked eye. These are knownas 


tion 


oes from being active to inactive 


Supermassive 
black hole 


Small, stellar black holes form 
when large stars collapse, but the 
origin of their supermassive 
cousins is still a mystery 


Speeding swirls 
The matter within the jets 
spirals into outer space at 
speeds approaching the 
speed of light 


Visible halo 
A swirling cloud of matter, known as an 
accretion disk, forms around the black 
hole, feeding it more gas and dust 


Powerful jets 
Just before it is pulled 
into the black hole, some 
of the matter is ejected 
outwards in two jets that 
align with its poles 
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active galaxies and their energy emission is driven by 
supermassive black holes at their core. Such black holes actually 
lie at the centre of every large galaxy, including the Milky Way, 
but most are now inactive. This has led many scientists to 
believe that all galaxies in fact started outas active. 


Quasars 
These are located 
billions of light years 
away from Earth and 
viewed from 

an angle 













Even more 
massive 


Once the supermassive black hole 
has formed, it accumulates gas 
and dust to grow in size 


B Radio galaxies 
These galaxies are ~ 
viewed from side-on so 
id at =Mere)¢-Mer-]nlale) a o]-Bos-1-18 


Blazars — > 
‘These galaxies have one 
jet pointing towards 


“Stellar black 
holes form 
when large 
stars collapse" 
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x -_ ' out ef Dye gail-lal-XMo) ime [0 ly akel g cicXol gedstoMnat=Mel flay 
7 ~ — elliptical radio galaxy Centaurus A 
















Inactive galaxy 


When there is no more matter left 
to feed the black hole, the jets and 
accretion disk fade 


% Radiation 
Some particles within 

the accretion disk 

become hot enough 

to emit X-rays 





Shining core 
As gas and dust collide 
towards the centre of - — 
the accretion disk, 


friction causes it to heat 
" up and shine brightly 











Heating up 

The temperature 
towards the centre 
of the accretion disk 
can reach 100 
million degrees 
Celsius (180 million :% 
degrees Fahrenheit) ‘ 









Reactivation 
Fuel supply If more matter moves 
More gas and dust is. into its vicinity, the 
pulled into the | black hole can begin 
accretion disk to keep feeding and become 
powering the jets active once again 3 
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. UNIVERSE 


» galaxies ; 


They might be grouped like a 
galactic tuning fork, but galaxy 
types don’t always sing from 
the same hymffsheet 













here are several 

different galaxy 

(ol FeTstsybalersualeyel 
systems, but the most 
widely used is the Hubble 
Sequence, devised by the 





_ .™ — great Edwin Hubble in 1926 
Fg and later expanded upon 
. «._. byAllanSandage among 







others. It’s more commonly 
ae known as the Hubble tuning 
~~ fork due to the shape the 

» a 

~ system represents in 
~ diagrammatic form. 
dled 
~~ _Hubble’ssystemwas  * 
designed to demonstrate the 
various classifications of 
three main classes of galaxy 
broken down into elliptical, 
spiralandlenticularshapes. ~~ 
The latterisessentiallyan 
Hbettcyesstsrol-ir-Keyauel-Keydat-any Von 
types. The tuning fork was 
yeceyalcrelerinyanerelerdeimaertcls 
each galaxy type represented 
snapshots of the entire life 
span of galaxies, but it has 
since been demonstrated 
that this is not the case. 

The most recent version of 
jw lble)e) (exon nebenbercmiovecaueysntsrs 
courtesy of the Spitzer Space 
Telescope’s infrared galaxy 
survey made up of 75 colour 
images of different galaxies 
and includes a new sub- 
section ofirregular galaxy 
types. You can find a full 
resolution image of this 
remarkable accomplishment 
at http://sings.stsci.edu/ 
Publications/sings_ 
poster. html. Thanks tothe 
internet, anyone can try their 
hand at galaxy classification 
—simply visit the site www. 
galaxyzoo.org and joinin 
alongside 150,000 of their 
other volunteers. 








* 
wiay = 


Edwin Hubble’s 
classification scheme 


Sa 


Ellipticals 


' Hubble Pioneer to the stars 


No person in history has had a greater impact in 
determining the extent of our universe than 
Edwin Hubble. From proving that other galaxies 
existed to giving evidence that galaxies move 
apart from one another, Hubble’s work defined 
our place in the cosmos. Shown above posing 


with the 48-inch telescope on Palomar 
Mountain, the Orbiting Space Telescope was 
namedin memory of his great work. 

Today a great controversy rages on about the 
rate of the universe’s expansion, parameterised 
bya quantity known as Hubble’s constant. 
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Types of 
galaxies 


CETED elatrercteuel= 
categorised into 
these types... 










* 


Elliptical galaxies 

in the far left of the Hubble 

quence lies the elliptical 

"7 galaxy type. They show no 
defined features like the 
intricate dust lanes seen in 


_* classic spiral galaxy types, 


* besides a bright core. 
Ellipticals are represented by 
the letter E, followed by a 
number that represents the 
ellipticity of its shape 





Spiral types 

Appearing flatter on the sky 
than an elliptical galaxy, spiral 
galaxies feature two or more 
Spiral ‘arms’ that wrap around 
the galaxy core and are made 
up of vast lanes of stars. The 
upper half is populated with 
the standard spiral type, while 
the lower half contains ‘bar’ 
Spirals. The twist of the spiral 
begins at the end of an 
=yqcslale(stelley-| 6 





Lenticular galaxies 
Where the handle of the 
iaUlaliae Me) @-lelemtal=ma oe) ol ¢-1| 
arms meet lie the lenticular 
galaxies. These galaxies 
feature aspects of both spiral 
FTateM=)11|eltcer-) Mele] re) ¢(=1-¥-lale, 
didn’t actually feature on 
Hubble’s original sequence. 
They have a bright central 
bulge like an elliptical galaxy, 
but are surrounded by a 
structure not unlike a disc 


All images © NASA 





DID YOU KNOW? Uranus Is tipped nearly go degrees on its side, likely caused by ad collision with a protoplanet billions of years ago 


INPANSYANSB s L010) 0) (cms) of; (oom X=) Corse) oon Kole ie this “ : 
image of the Antennae galaxies, which began : Cae tha etd . Tay] es 
colliding a few hundred million years ago e do Sea Pay a epic. ; Joining forc 
| | : What happens when 
two galaxies collide? 









1. First contact 

The first signs of a galaxy collision 
will be a bridge of matter between 
the two galaxies, caused by 
gravitational forces. 


ee 


“—s —— CU el cy opr ea ™ Longstreams of gas and dust 
known as tidal tails spiral out of 
the collision as the material is 
thrown out. 
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a a a 
+. : ¢- : 
: | | : ’ | : CO ISIONS 
“ ‘ae 3. Ripped apart 


ot , ’ : 
i i * Sgt What happens sviVaaleyel {wo Gravitational forces pull the — 
~~ galaxies collide? Jnana 












ee 
hen two galaxies cross instrumental in the formation of cloud of gas. 
: ceo Boys ld otspada lone ets balecnei newstars. 
i s any stars colliding is Colliding galaxies usually take 
E a -. almost zero. In fact, if the Milky millions or even billions of years 
Way collided with the nearby to merge. As they collide, tidal 
5 Andromeda galaxy, we would gravitational forces will rip the < 
- barelynoticeathingonEarth. | smallerofthetwo galaxies apart, 2 
Instead, the multitude of dust scattering dust and stars. The z 
i and gas in each galaxy interacts inner core of the collision will | 
and creates the characteristic heat up and radiate strongly, e 
spectacle. As the material (ocerlabaremeyalcsxoymielcmoyaredelcccie 8 
inside the starsinteracts. infrared objects in space. In this A. A star is born 
gravitationally, newly formed instance the larger galaxy will Theicore of the collision is 
7 gas clouds give birth to stars. swallow the smaller one, but on subjected to intense frictional and 
< Friction between the gases can some occasions the galaxies may gravitational forces, resulting in 
a cause numerous shock waves, pass through each other and the formation of massive stars. 
© which would also become emerge almost unharmed. 


We) 
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hen we delve into certain realms of _ 
astronomy, the scale of events and objects 
are often impossibly large to imagine. 
If we think of planets like Earth and Mars we can 
at least get some sort of grasp on their size, as we - - 
can consider them relative to other bodies. As we get 
to bigger objects, like Jupiter and the Sun, our: 
understanding gets somewhat muddled, but we 
can still comprehend how enormous they are by 
using Earth asa starting point (for example,the Sun 
is over 100 times the size of Earth). It’s when we get 
to the larger celestial occurrences, like supergiant 
stars and black holes, however, that things really 


VAS 


than a billion suns, a size greater than 
e ea to destroy entire planets 's millic 





SiecVam con olereoeetcmoneucclueleyeetslo) (cm pemmebice-vanlals 
we'll be taking a look at one of these mammoth 
celestial events - supernovas - and we'll try to get 
our heads around just how large, powerful and 
crucial they are. 

Supernovas have fascinated astronomers for - 
millennia, appearing (o) Dime) mae uuelsvacpienuels night 
Savecbate Ketieslanbevter-AeldetoaciccvechnialdReeetitvaavertlcs 
ease. The first recorded supernova, known today as 
SN 185, was spotted by Chinese astronomers in 185 
PANDE: Dao Micctses)o)ersbasveldivaracc)loy(spie) aU ben lesim-Ri(crs0e 
While this is the first recorded sighting, there have 
doubtless been many supernovas in preceding 











years that confounded Earth dwellers who were 
unable to explain the sudden appearance ofa bright 


’ newstarin the sky. 


One of the most notable: supernova events likely : 
occurred about 340,000 years ago when a star 
known asGeminga went supernova. Although it, 
was unrecorded, astronomers have been able to 
discern the manner of its demise from the remnant 
neutron star it left behind. Geminga is the closest 
known supernova to have exploded near Earth, as 
little as 290 light years away. Its proximity to Earth 
meant that it might have lit up the night sky for 
many months, casting its own shadows and 





DID YOU KNOW? Supernova Is derived from the Latin term nova, meaning new, to denote the next phase ina star's life 


Countdown to a supernova 


What events lead up-to the explosion of the two known types of supernova? 
PANatoligrsimelrclals 


A billion years on, the companion star also 
becomes a red giant, passing material 
back to the white dwarf.until itreaches a 
critical mass: the Chandrasekhar limit 


sve mel rials 

At the end of the star’s life, 
as it uses up its fuel, it 
expands to form a red giant 
star, which is 200-800 
times the size of our Sun 


Escape 

Over a billion years the outer 
layers dissipate, a point known as 
the Roche lobe, leaving behind a 
hot and dense white.dwarf star 


Start 


A star similar in size to 
our Sun enters into orbit 
Fel gelelavem-Mexe)anley-lal(ela Bc ts) g 








O YEARS 


rexel ialalial : 

A so i g Red supergiant 

supernova After about five million Reaccumulate Collapse 

involves a star years, the star will have The red supergiant will Core Eventually the incoming 


exhausted its supply of 

a elaeye(slar-laemal=lilelam-lare| 
grown to ared supergiant, 
more than'five times bigger 
than a:red giant and 1,500 
times the size of our Sun 


reaccumulate its outer 
layers over the next 
million years 


The incoming material hits 
the iron core. Some of the 
areluciare] Melelelalecci-meleim-ler-l iam 
rel eye leleiiave B-jateler @Vc Ves 


raate)a=maat-lamaliacsy 
times the mass 
of our Sun 


material overloads the core, 
crushing it into a neutron star. 
Only 30km (20mi) across, it 
has the mass of our Sun 


= 


“Geminga Is the closest 
Known supernova to 
have exploded near 
Earth, as little as 290 
light years qway” 


rivalling the Moon for brightness, turning night into 
day. So bright and large was this supernova that the 
ancients would have seen the light of it stretching 
from horizon to horizon. Left behind after this 
supernova was a neutron star rapidly rotating at 
about four times a second, the nearest neutron star 
to Earth and the third largest source of gamma rays 
to usin our observations of the cosmos. Other 
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Supernova 

Now the gravitational forces become so 
intense that the white dwarf can no longer 
support itself, It collapses and the. carbon at 
its core ignites, releasing energy equivalent 
to 10”? megatons of TNT, which travels out 
at three per cent the speed of light 


Remnant 
Behind is left a nebula 
from which new stars 
and planets can form 


10 BILLION 
YEARS 


= : 
= me 


*) 10 MILLION 
YEARS 

Remnant 
A Type Il supernova 
will leave behind a 
nebula anda 
neutron star. 
However, if enough 
mass was present 
Tam datem=y4e)(e-1(0)0 Mis) 
1) Felon @ ale) (ema are\v] 
form instead 


Supernova 

The interior of the 
star can no longer 
support itself and 
eventually combusts, 
icvavellaleReleimagr-|atcig 
from its surface in'a 
massive explosion 


Some supernovas leave 
behind spinning neutron 
stars knownas pulsars 


notable stellar explosions include Supernova 1987A, 
a star located in the Large Magellanic Cloud that 
went supernova in 1987. This originated froma 
supergiant star known as Sanduleak -69°202. It 
almost outshone the North Star (Polaris) asa result 
ofits brightness, which was comparable to 250 
million times that of the Sun. 

Itis a testament to the scale of these explosions 
that even ancient civilisations with limited to no 


astronomical equipment were able to observe them. 


Supernovas are bright not only visually butinall 


forms of electromagnetic radiation. They throw out 
x-rays, cosmic rays, radio waves and, on occasion, 
may be responsible for causing giant gamma-ray 
bursts, the largest known explosions inthe 
universe. It is by measuring these forms of 
electromagnetic radiation that astronomers are able 
to glean sucha clear picture of the formation and 
demise of supernovas. In fact, itis estimated that 99 
per cent of the energy that a supernova exerts isin 
various forms of electromagnetic radiation other 
than visible light, making the study of this invisible 


(to the naked eye at least) radiation incredibly 
important, and something to which many 
observatories worldwide are tuned. Another type of 
stellar explosion you may have heard of is a nova. 
This is similar in its formation to a supernova, but 
there is one key difference post-explosion: a 
supernova obliterates the original star, whereas a 
nova leaves behind an intact star somewhat similar 
to the original progenitor of the explosion. 

Our understanding of the universe so far suggests 
that pretty much everything runs in cycles. For 
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Images © ESO/L Calcada/JPL-Caltech/ESA/HST 
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, - ~~ The universe is a dangerous place. Black holes, gamma-ray bursts and pulsars could all acs 


ao seriously damage or even destroy our planet if they were close enough, but the fact of the 
matter is that there is nothing in our vicinity that poses animmediate threat-atleastfor - 
the next few billion years. The nearest star that could go supernova is Betelgeuse, 640 ' 
light years away. In fact this star could be about to go supernova ina minute, a year 
ora thousand years; all astronomers know is that it has reached its 
(Gl akcdalobestr-)cdatsvabeeevim-beloWlmaelbllome)le\iiacim-behianshe)sOme-lMuUel(@emolevelmimnalel 
appear as one of the brightest stars (other than the Sun) in the sky. But just 
how close woulda star have to be to cause irreparable damage to Earth? 


* i 











© NASA/JPL-Caltech 





example, a star is born froma cloud of ad ‘ | 

dustand gas,itundergoesnuclearfusion ™& ,, fa eee = 4 Zz 
for billions of years, and then destroys pele: A’ > AE 

itself in a fantastic explosion, creating eee :* —_ ‘, : 
the very same dust and gas that will lead — - ae cA) a | fight year away : 
to the formation of another star. It is ia mae) ee The closest star to Earth is the red dwarf Proxima Centauri just 
thanks to this cyclic nature of the eer ‘7 Pe A ee Hy over four light years away, but there is no ehance-of it going - 
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universe that we are able to observe es” : ‘supernova. Theoretically, though, if astar were to go supernova , ye ah 
; Po ge , ‘ * one light yed¥ away from Earth it would rip our planet and the: 

events that would otherwise be AE ae Pte tee ) *” entire solar systentto'shreds. The force of the shock waves . | 

extremely rare or nonexistent. If stars CMe pieitiet |. ~ would easily destroy every nearby celestial object, and leave our . ° 

were not constantly reforming, there a a ie ste aS ; > ‘ solar system as a nebula remnant that would eventually lead to . ; 
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would be none left from the birth of the Ss ae te EHO ETOH OF NeW stars otit BAnetS- 
universe 13.7 billion years ago. eet Ps 

As destructive as they may be, 
supernovas are integral to the structure his image of the Crab Nebula shows 
and formation of the universe. It is idetsnratsile)(apacvol F-vateboe-yva[e)i0 (>) a 
thought that the solar system itself radiation leftaftera supernova ‘ 
formed from a giant nebula left behind | = 
from a supernova while, as mentioned re ma fi ns 
earlier, supernovas are very important Se | 
in the life cycle of stars and lead to the _ .. a ~~ . What is left b ehind once 
creation of newstars as the old ones die } ‘— | — 4 
out. This is because a star contains many a = 3 a star soes supemova : 
of the elements necessary for planetary 5 > Inside a massive star, before it goes supernova, the nuclei of 
and stellar formation including large _ - light elements like hydrogen and helium combine to form 
amounts of helium, hydrogen, oxygen er, . ie the basic constituents of other celestial bodies and even 
and iron, all key components in the ~~ oz life (such as carbon and oxygen). Stars release these vital 
structure of celestial bodies. On top of ¥ ; > elements when they go supernova, providing the material 
these, many other elements are thought ‘ ’ for newstellar and planetary formation. 
to form during the actual explosion itself. To date there are roughly 300 known supernova 

There’s no doubt that supernovas are a remnants in the universe. Depending on the type and 
one of the most destructive forces of the — | . mass ofa supernova (see the diagram on the previous 
universe, but at the same time they're ae a > page), the remnants left behind can be one of several 
one of the most essential to the life cycle . ‘ F =: things. In the vast majority of cases some form of nebula 
of solar systems. As we develop more i — will be left behind. Inside this nebula will often bea 
powerful telescopes over the coming | ae a Ss = =©spinning neutron star. The rate of spin of this neutron star, 
years we will be able to observe and _ oe - * . also known asa pulsar, depends on the original mass of 
study supernovas in more detail, and . an the exploded star, with some pulsars rotating upwards ofa 
possibly discover some that do not fall . , thousand times per minute! 
into our current classification of Type I or These highly dense stars contain the mass of the Sun 
Type II. The study of supernovas alone packed into an area no bigger than the city of London. Ifthe 
can unlock countless secrets of the supernova remnant exceeds four solar masses (the mass of 
universe, andas we further our our Sun), due to an extremely heavy initial star or by more 
understanding of these colossal stellar material accumulating around the remnant from nearby 
explosions we'll be able to learn more objects, then the remnant will collapse to form a black hole 
about the cosmos asa whole. instead of continuing to expand. 


© XMM-Newton/Chandra/WISE/Spitzer 
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DID YOU KNOW? The Chandrasekhor limit is named after Indian astrophysicist Subrahmanyan Chandrasekhar 


a destroy Earth? 


: ogc Sy a = 3 : a | 5 ‘ ‘ ’ oe ’ 
Meats tse ee et ; | a | ; *. How much ener 





does 
5 a \ : a supernova release? 

‘50 light years away - 2S a \ 

In several] billion yearsit is possible that a star \ . & = 

closer to home will go supgrnova. If one did so ‘1 : 

about 504ight years from Earth, it is likely that it 

would shear the ozone off our planet, in turn also 

destroying the Earth’s magnetic field. This would rs . 

make our world alf but yninhabitable. 


100 LIGHT YEARS ° o il 000 000 000 000, 


. Bs _ottal hah id tdi om 
. Be) al froma supernova 


a Ut(“‘<éi«é‘ia 


i 1 ,000 zettajoules (1 yottajoule) 
- ‘Total energy from the Sun that 





ee I 
. s. 
100 light years away: j 
At this distance a supernova poses no threat to I 
Earth. The intensity of a supernova’s energy ° j 

! 










dissipates exponentially, so other than observing sec Earthin ayear - 

a bright star in the night sky we would . 

experience no effect.on Earth. The closest star | 

to Earth that could go supernova is Betelgeuse, ° “i 000 exajoules (1 zettajoule) | 
640 light yeaks away, so it poses no threat to us. i. 


© NASA 


Energy of the entire Earth’s 
ns oX=18 00) | reserves . 


i ,000 petajoules (1 exajoule) 
Estimated ener rey in the 2011 Japanese 
earthqu <e and tsunami 


The oldest 
ernova 


iL 000 terajoules ¢ (1 es 
BS in1 Bae euN oi ui 








Type la a Ke KCes Wlolecesimeels 
The lack of a pulsar at the ] | 
Ablackhole can be left behind after a supernova centre of the supernova eels of the a | ,000 gigajoules (1 terajoule) 
ifthe star or remnant hada high enough mass remnant suggests that it sup ernova to be Approximate energyina 
: ; was a Type la supérnova eee) ae level by small nuclear sort 
jaetevelcenete! 
| 000 megajoules a gigajoule) 
‘Average SIE in a ae me ; 
| ,000 kilojoules (1 ee) 
Earliest Approximate daily male energy uneus 
First observed by nici: 
Chinese sais ai 000 joules (1kilojoule)_ 
in 185 AD, this 





supernova remnant 
known as RCW 86 is 
the remains of the SN 
185 supernova 


Size 

RCW 86 is located 8,200 light 
years from Earth in the Milky 
EW Aer Fy ava-laleMcxsidiperelccvemce 
be 50 light years across 


Explosion of less idateval 1g (or 0302) of TNT | 


1 joule 0 energy — 
~ Flash ofa camera 








Searching for. : . 
alien messages . 





1. Vast potential 
The Milky Way galaxy contains 500 
million stars, which have exoplanets in , 
the habitable zone that are capable of . 
supporting intelligent life forms: 


ye * 2, Signal 


iS alien Civilisations, 


If aliens create 
techmology anything _ 
like ours, they might |. 

strive to contact other © 


‘using.radio signals in 
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spectrum” 8 B34 . 
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3. Distance 
St stems with known 
* exoplanets are from 20 to 
75,000 light years away. 
Any.message will already . 
_® ~ beas oldas the time it . 
takes to get here 


4. Reception . 
elescopes have to 
t ut interference 
from man-made and 
natural radio emissions, 
and target areas of the 

galaxy and wavele 

_ that are most likely 






DID YOU KNOW? Carl Friedrich Gauss suggested cutting a giant Pythagoras triangle in the Siberian forest to signal to ETs 


irtually every part of our 
VY ine is teeming with 

life, and it would be 
extraordinary that life - even on 
the lowest microbial level - does 
not exist on planets beyond our 
solar system. On a statistical level, 
our Milky Way spiral galaxy has 
a diameter of 100,000 light years 
and contains between 200 and 
400 billion stars, a quarter of 
which have planets orbiting 
them. Of them, there could be 500 
million planets that move in the 
habitable zone that can sustain life 
like our own. 

If an alien civilisation were to 
reach our level of technological 
ability, it seems only logical that 
they would beam out messages in 
search of other life forms. The main 
restriction is that energy, matter, or 
information cannot travel faster 
than the speed of light - which is 
300,000 kilometres (186,411 miles) 
per second. A far-flung alien 
message might take some 75,000 
light years to reach Earth. Indeed, at 
best the nearest habitable zone 
planet, called Gliese 581g, is around 
20 light years away. 

When Enrico Fermi looked at the 
odds of intelligent life evolving to 
our level of technology, he was 
surprised that we had not been 
contacted already. The Fermi 
paradox is that despite the 
probability of extraterrestrial 

life, we have no evidence ofits 


answers to the Fermi paradox; it 
might simply be that we arealone 
and that our creation was a very 
rare series of events that has not 
been duplicated elsewhere. 
Intelligent life forms might have 
atendency to die out through 
natural disaster or warfare, or 
they could have transcended 

our technology and use more 
sophisticated forms of 
communication that are currently 
beyond our means of detection. 

Radio telescopes have mainly 
been used to listen for any regular 
‘alien’ signals in a narrow radio 
bandwidth. Another possibility is 
that aliens might signal to usinthe 
optical wavelengths using powerful 
laser beams. In 2006 the Planetary 
Society began searching for an 
extraterrestrial laser signal usinga 
1.8-metre (72-inch) reflecting 
telescope. Although it processes as 
much data in one secondasall 
books in print, it has only detecteda 
few pulses of light as it searches the 
northern hemisphere, and all of 
them have been ruled out as extra 
terrestrial signals. 

Astrobiologists consider the 
possibilities of detecting alien 
microbial life through their 
biosignature. Extremophile Earth 
microorganisms have been found to 
survive and reproduce, which at 
least offers some hope to finding 
this type of microbial life elsewhere 
in the solar system. Astrobiologists 


...and where we are looking 


1. Venus 

Outside the inner 
boundary of the HZ - too 
hot (460°C) to sustain life 


Glese 581 
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5. Extrasolar planets 
Extrasolar planets, like Gliese 581d 
and g, are in an HZ that is closer to 
its smaller parent star 


2. Earth 

Earth orbits in the centre 
of the habitable zone that 
surrounds the Sun 


3. Mars 


Mars is on the outer boundary of 
the HZ; further exploration will 
determine if it is or was in the HZ 


Distance from star (AU) 


Although Jupiter and Saturn are outside 
the HZ, some of their moons might have 
primitive organisms living on them 





The habitable zone (HZ) is a belt of space 
around astar that is either too hot or too 
(oo) (0B Co) a DuC=mcoK=y.¢lojme)eu-Denrae)(-velsimeyaeyiaperss 
homOOUESPA0) a(emM Melcwetsloyinslo)(=mAe)alepisKeyancyel 
called the Goldilocks zone after the 
children’s story, referring to finding 
conditions for life that are “just right”. 
The HZ varies according to the size, mass, 
luminosity and life-cycle of the parent 
star. Stars with a low mass and luminosity 
will have an HZ closer to them thana 
JEWgere) om o) geodata) acir- bem) etcircle)(sne)a-veleac 
lived stars are less likely to nurture life. 

Primitive life might live outside the HZ, 
but itis very likely to be microbial or 
extremely different to ‘life’ as we knowit. 
It is also postulated that life only occurs in 
star systems in the galactic habitable zone 
(GHZ), that are close enough to the galactic 
centre to form Earth-like planets but far 
enough away from fatal levels of 
radioactivity. The GHZ of our galaxy is iy 
about 6,000 light years wide and 25,000 
light years from the centre. 

SETI research concentrates its efforts on 
the newly discovered extrasolar planets 
in their respective habitable zone, and 
radio telescopes concentrate on listening 


to transmissions between 1,420 MHz 
(21cm) emissions from neutral hydrogen 
and 1,666 MHz (18cm) emissions from 
hydroxyl. This quiet range of the 
electromagnetic spectrum, nicknamed 
the water hole, is a logical place for 
water-based life to send signals as 
ayVobcesecven-velemenenae-queeesmniclise 


presence. There are several are also working on mass 


American astronomer Frank Drake formulated the 
Drake equation in 1961, to estimate the number of 
possible intelligent extraterrestrial civilisations 
that might exist in our Milky Way galaxy 

N ne fi L 


The number of alien The number of The fraction of |The length of time 
civilisations capable of | planets that might planets that alien civilisations 
transmitting signals potentially support fo (=\¥(2] (0) oer-1 a) might exist and 
into space, based on VT ale eee Pelalcian ts intelligent life send out 
estimates in the rest communications 
of the equation 


N=R*fpne fl fifcL 


Extrasolar planets are being discovered 
with increasing regularity 


t 


R* fp i lie 


This estimates the 
yearly rate of star 
formations in the 
Milky Way galaxy 


The number of alien 
civilisations that can 
create a technology to 
broadcast signals 

into space 


The fraction of 
star formations 
that support 

re) Felaleiee avg 
systems 


The proportion of 
planets that 

FTea Ure)! Wme(=\V(-1(0) 8) 
and nurture 
VT ale Meee Felalciag ts 
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spectrometers and high-energy x-rays to 
detect life that does not consist of RNA, DNA 
or proteins. 

Meteorites have been closely examined 
to see ifthey contain evidence of alien life 
forms. The Allan Hills 84001 (ALH84001) 
meteorite, which is thought to have come 
from Mars 13,000 years ago, was declared 
by David McKay to contain minute traces of 
fossilised bacteria. This hit the headlines 
in 1996, but terrestrial contamination and 
non-biological processes have been given 
as alternative explanations. Microfossils in 
carbonaceous meteorites were also 
discovered by astrobiologist Richard B 
Hoover in March 2011. 

SETI (Search for Extraterrestrial 
Intelligence) research has also had 
several false alarms, the most famous 
being the so-called ‘Wow’ signal received 
in 1977 by the Big Ear radio telescope at 
the Ohio State University. Dr Jerry 
Ehman was so impressed by the 72-second 
long signal originating from the 
constellation Sagittarius, he wrote “Wow!” 
next to the alphanumeric code 6EQUJ5 on 


The Arecibo radio telescope in Puerto 
Rico sent the first message to be 
deliberately beamed into space on 16 
NCohi(=h0nley=) aley//mms Meals moyleneyeat-Davaentcals 
message was sent over a three-minute 
long period on the 2,380MHz radio 
frequency. Data such as DNA was aimed 
at the Messier 13 star cluster in the 
Hercules constellation, and will take 
25,000 years to reach it. 


the printout. It has never been detected 
again and might have been created bya 
terrestrial signal. 

Until recently, we were not sure that star 
systems hosted Earth-like planets. Since 
October 1995 when a Hot Jupiter extrasolar 
planet was found inthe Pegasus 
constellation, 50 light years away, 
hundreds of extrasolar planets have been 
discovered. NASA’s Kepler spacecraft was 
launched in 2009 to search for Earth-sized 
planets in the habitable zone of star 
systems up to 3,000 light years away, which 
are on thesame galactic plane as Earth. So 
far, it’s discovered 54 planets orbiting in the 
habitable zone ofits parent planet. Now 
these planets have been identified, work is 
being carried out to find oxygen and other 
chemical signatures that might indicate 
that they actually harbour life on them. 

When, or if, we find primitive life or 
contact intelligent ET life depends on 
whether there is life to find. Throughout 
our search, we need to take into account 
exotic or advanced ET life forms that might 
be unrecognisable to us. 








For more information about SETI@ 
home, visit the website http:// 
setiathome.berkeley.edu 
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The wow factor .--.-..-.....5 : 
The note Dr Jerry Ehman scribbled 

to indicate his amazement of the 
72-sec long signal via radio telescope 





SETI (Search for Extraterrestrial 
Intelligence) is conducted by 
several organisations to detect 
extraterrestrial life. SETI@home is 
unique because instead of using a 
huge supercomputer purpose-built 
to analyse the data collected bya 
specific radio telescope, it uses 
internet-connected computers to 
create a virtual supercomputer. 
SETI@home software works 
as ascreensaver, which borrows 
your computer when you're not 
using it. It collects the data in 
small chunks from the internet, 
analyses it and then sends the 
results back to SETI@home. The 
digital data is taken piggyback 
from the Arecibo telescope. The 
network is linked to 456,922 active 
computers worldwide and is run 


by the Space Sciences Laboratory 
at the University of California. 
Despite the equivalent of 2 million 
years of computing time, it has yet 
to come across an unambiguous ET 
signal. Aweak signal was observed 
from SHGbo2+14a between the 
Pisces and Aries constellations at 
the1420MHz frequency. There is 
no star system observable at this 
location and could have been 
produced by a technical glitch. 

The SETI Institute is a non-profit 
organisation that covers virtually 
every aspect of SETI research. In 
the Nineties, it ran Project Phoenix 
using the Parkes radio telescope in 
Australia and a radio telescope in 
West Virginia, to study 800 stars 
within a 200 light year range of 
Earth. No ET signals were found. 





Decoding 
pictures 

These four diagrams 
indicate how pictures 
can be decoded by 
using the signal from 
the disc 


Instructions 
The plan and side 
view shows how to 
play the disc. Binary 
code indicates it 
should be rotated 
once every 3.6 secs 


The 
Golden 
Record 


The Voyager1 and 2 spacecraft 
were launched in 1977 to explore 
the outer planets of the solar 
system and beyond. Voyager 1is in 
interstellar space, while Voyager 2 
is in the Heliosheath. Likea 
message ina bottle, they carrya 
30cm (12in) diameter gold-plated 
copper disc. The disc contains 
greetings from Earth in 55 different 
languages and a range of Earth- 
related pictures, sounds and music 
chosen by a committee headed by 
the late astronomer Carl Sagan. 


Clock 


The record is coated 
with a pure source of 
Uranium -238, 

which steadily 
decays into its 
daughter isotopes 


Pulsars | \ MS ane 
This shows our ~— \, Hydrogen 


om 
These circles represent 
the hydrogen atom in 
its two lowest states, 
acting as a time 
reference for the data 


solar system in 
relation to 14 pulsars. 
The period of their 
pulsations is given 

in binary code 











_ the area. It can also analyse 





DID YOU KNOW? Some SETI researchers believe we should look for alien space probes in our galactic neighbourhood 


WEEVESMIctspacyexsb ae lsroRctommelcmalevestemeymalvneetsbarselics 
life until the Sixties, when the Mariner space 
probes showed it was a cratered planet with 
an atmosphere consisting of carbon dioxide 
(CO2). The 1972 Mariner 9 mission did, 
however, show evidence of running water on 
the surface of the planet in the past. 

In 1976, the Viking 1and 2 spacecraft landed 
(o)aW\VEDacmconolelmsroyNecrcDeeve)(ccmbek-Belbina(syers 
labelled with radioactive carbon-14. Ifany 
organism were present, it would digest the 
nutrient and give off recognisable gasses. 
However, results gave no clear sign of life. 











Since their arrival on the Red Planet in 
2004, the two Mars Exploration rover craft 
Spirit and Opportunity have all but confirmed 
that liquid water did flow on the surface of 
Mars several hundred million years ago. This 
indicates that life could have existed on Mars 
and might still be hidden beneath its surface. 

NPANSYANSHIY E:Vectoyel(<)elueu eleleyeclnevaranisenlael 
consists of the Curiosity rover, analyses 
samples of Martian soil in great detail to find 
out for certain whether or not microbial life is 
present or if it can live in this environment 
and the role of water on the planet. 





ChemCam 


_ Mounted at human eye level, 
it provides hi-res colour, 
stereo images and video of 


light from other parts of the 
_ electromagnetic spectrum 


Sample analysis at Mars instrument 
(SAM) features a mass spectrometer, 
gas chromatograph and tuneable 
laser spectrometer to analyse soil and 
the atmosphere, to determine 
oxygen, nitrogen and hydrogen 





Several surprising places might harbour life beyond Mars. Hopes 


Uses a laser to zap rocks at a 
range of 1-9m (3.3-30 ft). An 
on-board spectrograph can 
analyse the composition of 
the rock from the spark 

_ created by the laser 


i Robotic hand 


The arm uses a Mars hand 
lens imager (MHLI) to 
examine rocks and an alpha 
particle x-ray spectrometer 
(APXS) to determine their 


chemical composition 


ChemMin 


The robotic hand can deposit soil 
samples into the Chemistry and 
Mineralogy instrument (ChemMin) 
on board the rover. It beams x-rays 
through the sample to identify the 
soil structure 
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that the brew of methane, ammonia, hydrogen and water stirred 
by lightning in Jupiter’s atmosphere would create life have been 
considered and dismissed. Now, as a result of two Voyager probes 
passing Jupiter in 1979, Europa, one of Jupiter’s moons, is 
discovered to have an icy surface with a liquid water ocean 
underneath it. If heat is being vented at the bottom of the ocean, it 


could well promote the existence of microbial life. 


Two moons of Saturn are also regarded as having oceans of 
water beneath their surface. NASA’s Cassini spacecraft found that 
the 505km (313mi) diameter Enceladus has potential for life, due to 
water indicated by geysers of ice particles that jet from its surface. 
The 5,150km (3,200mi) diameter Titan has a smoggy atmosphere 


and ethane/methane lakes that may contain primitive organisms 
and that may indicate similar conditions to those on Earth millions 


of years ago. 


Titan, whose Earth-like 
(exe) ate bin loyetsneeyelcometsbaelelena 
primitive life 
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INTERVIEW 
Philip Plait 


Dr Philip Plait is an 
astronomer, author and 
blogger who covers all things 
universe-related in the Bad 
Astronomy blog 


Q: Have you personally taken 
part in any search for alien 
life projects? 

Philip Plait: No, but some years 
ago, when | was working on 
Hubble, | tried to get pictures of 
extrasolar planets - which, 
unfortunately, didn’t work out. 
However, I’ve written numerous 
times on astrobiology topics, and 
it was the subject of an episode 
of a TV show | filmed. 


Q: What are our chances of 
finding aliens? 

PP: | know Seth Shostak of SETI 
has said that if aliens are out 
there and broadcasting using 
radio, we'll detect them in the 
next 25 years or so. There are a 
lot of assumptions in there, but 
it’s an interesting calculation. | 
can’t say for sure when it will 
happen, of course, but I’d sure 
like to be around if and when it 
does. One way or the other, 
though, | doubt it’ll be via 
spaceships. It’s far more likely 
that it’ll be through some sort of 
light-speed communication 
method, like radio. 


Q: Where do you think we 
should be looking? 

PP: Everywhere! It might make 
sense to look at stars like the Sun 
to start with, since we know they 
can have planets and live long 
lives, enough time for intelligent 
life to develop. But one thing we 
know about nature is that it’s 
more clever than we are, so | 
wouldn't limit the search at all. 


Q: Do you think there’s 
intelligent life out there, or is 
it likely to be microbial? 

PP: Given what we know now 

- there are billions of Sun-like 
stars out there, and a good 
fraction of them have planets - | 


suspect there’s lots of life in the 
Milky Way. But out of the 4.5 
billion years the Earth’s been 
around, it had basically gloop 
living on it for more than half that 
time. So | think if we ever travel 
to other planets, that’s what we'll 
find mostly. But open this up to 
the “whole universe”, and I’m 
thinking the answer leans 
towards yes, there are other 
civilisations out there. The 
number of stars is in the 
quintillions. That’s a pretty good 
number to start with. 


Q: What is the current status 
of ET searching? 

PP: SETI’s Allen Telescope Array 
is currently mothballed due to 
lack of funds, and that’s not 
good. The technology is 
advancing rapidly, which is why 
Seth gave that 25-year 
timeframe. I’m hoping that they'll 
get the ATA running again soon. 


Q: What current or future 
mission most excites you 
about the search for ET? 

PP: Right now, Kepler is the best 
thing going: it may very well 
detect planets the mass and size 
of Earth orbiting their stars at the 
right distance to have liquid 
water on their surface. That’s not 
finding life, but it would be a 
major step in that direction. | 
don't think any astronomer 
would bet against it, but knowing 
there’s another possible Earth 
out there would be motivating. 


Q: Do you think aliens may 
have visited/communicated 
with us in the past? 

PP: In recent history, | doubt it 

- the evidence simply isn’t there. 
But time is very long and deep; 
any civilisation may well have 
come here a long time ago... 
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ey UNIVERSE 


Come on a journey 
through the cosmos 


PANSY 2) ge) (6 (> 


There are millions of asteroids in our galaxy, 
ranging in size from less than a kilometre (0.6 
miles) across to 950 kilometres (590 miles). The 
ones in our Solar System are mainly found in 

iW aCswAtsinsy qe) (OM fo) Imolcimny(cley0W\/ Ec bace-DalOM peleyin-var- Bare 
are made mostly of solid rock. However, they 
have been known to leave the belt. Asteroid 
groups called Atens, Amors and Apollos cross 

ol Koysyom ohyad ols or- Dad eMcee) doyumbalomer-Domeluectsy(eyer-vonts 
hit Earth. An asteroid would have to beat least 
25 metres (82 feet) across for it to survive the 
journey through the Earth’s atmosphere 
without burning up. NASA estimates that a 
car-sized asteroid makes it through the 
atmosphere every year, but will usually 
disintegrate before hitting the Earth. Back in 
2001, NASA orbiter NEAR Shoemaker landed on 
the surface of near-Earth asteroid 433 Eros. 

| DY=X-} o)LKwalolmol=)balemel-Dame)muelsmevercaper-imolt-te— 
Shoemaker became the first manmade object. 
icomecbelemoyen- vel asteroid. 





. The sheer size of the 530km 
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Inside anasteroid - ©. | 
What makes up an asteroid? - : 5 ae 
Crust 
The crust is made of - 
basalt, which is igneous eS — 2 





icoxerquce)gant=\emuValcin 
basalt lava cools quickly 


7 vO r. 


Mantle 
(337mi)-wide asteroid kept 
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Core 


a atcMlalccig (ey mo) ir-}o10-0)| 6) 
Vesta melted in its early days 

and the iron in its structure 
sunk to form the core 


DID YOU KNOW? More than 150 asteroids are orbited by gd moon - some even have two satellites for company 
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incredibly dense bar of stars, dt 
surrounded by a number i si 


The Milky 


| <x a3 els 
Way contains more i eee ae 
cae ec gas 
than 200 billion stars pI ro 
i. . a rs = a ees 
Eee Oe 
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Comet 


Despite looking rocky, comets are balls ofice, - 


dustand gas. Itisbelievedtheycontain - 
remnants from the Big Bang, which is why 
the Rosetta mission to land on a comet was 
so important. Comets give offa coma of gas 
that looks like a tail. They usually stay in the 
Oort Cloud at the edge ofthe Solar System. _ 






-Vemillekcimasid(e)ameymaal= 
comet Churyumov- 
(CraVeckoiiaarsyal.ce) 






An exoplanet is a planet in a solar sy} 
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The existence of dark matter is currently theoretical based on the way visible matter behaves. 

As it doesn’t reflect, give out or absorb light, scientists are still unable to detect it. Dark matter is 
estimated to make up around 26 per cent of the mass of the galaxy, which is over six times 

greater than the mass of visible matter. Scientists at CERN hope to create dark matter particles 

in the Large Hadron Collider, but even then they could only know of their existence due to the S pets 
loss of energy inside the machine. 

























Exoplanets _ a 





than our own. One of the closest ,is our galaxy alone. accord r 16 to estimates, 2 
only 20 light-years away. Over 1; 700 such lanets. around 2 billion of these could a ontialig’ lex) “< 
have already been discovered, but scientists ~~ . (ef }oysloytcmeymciel ejereyanbelca bbiem 


Star 

There are at least Pay 

100 billion stars - _ ‘ et See the planets orbiting the oe 
in the galaxy cE o ~: a: eas : em can be gas or rock based 





Star 
ma systems ae 
There could be at ie 
least 2 billion ci 
habitable worlds 
in our galaxy c 
~ eae aie 3 . | = Giants 
i ie _ ‘ . See wee Planets larger 
-2 : : than Jupiter 
could form in 
far-flung corners 
of the galaxy 








Exoplanets = 4 Yellow dwarf Supporting life 

Any planet that orbits a Around ten per cent of the Estimates suggest that each 
star other than our Sun is © stars in the galaxy are star in the galaxy is orbited by 
known as an exoplanet a yellow dwarfs like our Sun an average of 1.6 exoplanets 
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Flares 


Flares occur when magnetic impulsive stage, where the 

energy on the Sun (or other particles begin to accelerate and 

stars) builds up, and is suddenly are emitted; and finally the 

released, heating the decay stage, where the flare ae : 
surrounding plasma to subsides. Earth is protected from 4 
temperatures of up to 100 the radiation emitted in flares by a 
million degrees Celsius (180 its magnetic field, but high 

million degrees Fahrenheit). The solar-flare activity is capable of 

three stages of a solar flare are knocking out our radio signals 

the precursor stage, where the because the X-rays emitted 

energy starts to build up; the disrupt the ionosphere. 





Solar flares peak 
relate muaelelelal 

fe (=)or-vale/iareme)a| 
where the Sunis 
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rea i | a nts ’ Surface 
The surface of Jupiter is mostly 
; Tanlaalealre Rea ’1-]ce-lae Riel lolalele 
Gas giants like Jupiter and Saturn which form swirling clouds , 


_are found in star systems across 








Gravity 


The mass of Jupiter’s core 





















: Orbit’ means the gravityonthe . ~ . 
the galaxy. Some are known as A[Uye)ix=\are)ge)ieomual-molela at planet ake. times that “s:. -* : . 
' “hot Jupiters” because although 780mn km (485mn mi). In ofEarth =. 
“they resemble our other star S¥Steliayaa _ 
fel elaes) (or-] ae) d 81m =\Y-1 8) Temperature . aan 
neighbourhood’ s largest planet, closer to their stars than <a | wale eee ee 
’ they orbit much closer to their Mercury does_ 4 ‘ue | measufes an inexédibly 
' parent stars. All gas giants have ~ hot 35,000°C 


(63,000°F), six times 
the temperature of 
Earth’s core 


' thick atmospheres of hydrogen 
and helium, surrounding either - 
rocky or metallic cores. 













It ge 
the layers are Composition 
' 90 per cent of Jupiter is 


Of0) =) hydrogen, ten per.cent 


—= Jupiter’s core is compo: . os. | euler. A helium and there is a tiny 
of rock surrounded by a . , ~ = y 










! Jpare]atela ale me) medals) mele Wsioss 
layer of metallic hydroc ar 






Great Red Spot 
_ This storm on Jupiter’s st 
~ been raging for at least 3 
and is three times larger than Earth 


Palate] 
It was discovered Tal 1979 that Jupiter 
ECe-Nalaten-laelllaleim ll <= Saturn, however 
ele le)ic-\ am iomanlecolamiclininsig 






















Habitable zone 


he i @ . 
Also known as the Goldilocks zone, its inhabitants but not so close it ) TOOUS ; “4 a Re a wos 
the habitable zone is an area around boils water on the planet. The , ck holes... , i a Boe af 
a star that could sustain life. Like in exoplanet system around star Gliese a Bc y ie = x ri 
Earth’s case, it needs to be close 667C is thought to have three ‘ | 
enough to the star to provide heat to planets orbiting in its habitable zone. hole at the: cent feofour | rm 
galaxy, firesa jet alte the=4 "ow | 


galaxy once a day. Itis 

. thought they are the result 
(0) Ko) 0) (srernsn-10 (el estoy; bois) @0)(8bs 
fallinginto the black hole 
and being expelled. The jets 
run into-gas around the black 
late)(= and produce X-rays, Sowe 
are able to detect them using 
telescopes such as Chandra. 





ither side of 
» Sagittarius A* . 





The area in which life 
(ore) 0] (elm of=B-j0] 8) ole) guste MIS 
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Interstellar medium 






Johannes Kepler's laws of the model for astrophysicists to 
The area between starsis the — found in the form of cold hydrogen )EVatcresDavmealeluleyemelccie elelem elev map where planets will be at any 
interstellar medium, foundinregions clouds or hot ionised hydrogen. planets orbit stars. The first law one time. Despite being 
where thesolarwindstreamingfrom Having been launched in1977, NASA explains why the orbit of the formulated from data collected by 
a staris countered bythe interstellar | announced that their Voyager1 Oe planets in our Solar System are Jabtspastsvelceyay Wi(elelopsicclelepeemners 
wind. The gas is about 75 per cent had reached theinterstellarmedium | /é@lliptical)whilethe second and early17th Century, the laws still 
hydrogen, 25 per cent helium and is in August 2012. third laws provide hold up today. 
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Sun 
Planet 


Dyreleleslan 
(of=Yanlo)alsiua-lalate| 
Kepler’s second law 
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: ; : 
The interstellar medium begins when a star’s solar Planet's orbit 
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Local Group = 


OLebarexciecb:qtalsyor-bameya- Boa ce)b1 6) of at 

. least 30 galaxies that are known as 
the Local Group. Around 20 of these 
are bright galaxies, the brightest of. 
which are the Milky Way and 
PAN atebce)estcrorsPaelvem@elcr-Vaccimelcrdelelevie 
The Local Group is spread over 10 

Be coveuu(oyowbrcdelmy(cr-Despmolvimaebecanianl| 
inevitably change as it is projected 
‘to get drawn into the Virgo Cluster at hydrogen and helium to draw 


some pointi inthe future. - . | together due to gravitational 
? aan - attraction. As the nebula forms, its 


gravitational attraction increases, 
which draws even more gas and 
dust toward it. The core of the 
nebula begins to heat up and 
nuclear fusion takes place. That 
reaction sends radiation outward 
=e to the edge of the nebula, which 


e most 
the galaxy. 
sions suchas the 
ehead nebula or the Rosette 
‘nebula form when the interstellar 
medium (see ‘I’ for further 
information) collapses. This 
causes the interstellar dust, 





i . 


The Triangulum galaxy (M33) is the 
Tdaline ba t-lae(-s1maMelel an Moler-] MCTcolUloW-lin-) aku al= 
VAT LSQVAM Ace bVarel ace mVale|ge)aalsver-| 


: x : 
Multiple- © -: 
star system: 
We may think planets with two 

* suns are only found in Star Wars, 
but they do exist in our galaxy. 

an JEvelciecudetclmeyaovimesleycemuatcvemeyers 
star are rare as the stars’ combined 
JatetclmeatclKcorcmlmaslv(eemetcbaolsymieye 
planets to form. Therefore they tend 


Komcoleeemaenanel=)aelvlmaatsvamelevaccrsle-valel 
then move closer toward the stars. 





Studies suggest that planets in 
binary star systems are common. 





The Horsehead nébula is part 
of the Orion constellation 
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Kepler-35b orbits its two host stars once - 
every 131 days 








- jonises the gas and turns it into 











Open clusters 


This is a loosely bound group of 
young, hot stars is called an open 
cluster. They form inside a 
molecular cloud, which is a 
collection of hydrogen molecules 
and is where every star in the 
galaxy begins to form. They tend 
to stay inside their molecular 
cloud until the radiation they give 
off dissipates it. As they are so 
loosely bound together, open 
clusters are prone to losing 
members to other systems. 


* 


plasma. These are the ingredients 
needed for a protostar to becomea 
star. Therefore, the study of 
nebulae is key for scientists hoping 
to discover how our Solar System 
was formed. The dark clouds ofa . 
nebula can be quite hard to see, 
but scientists can sometimes get 
lucky, as in the case of the ° -# 
Horsehead nebula, which is 
loyeleld bl meytaualenciesta Stan Orionis. 
Nebulae also form at the othesg r=yare | uaa 64 
of the scale. When aSun sucha: 
ours diesit turns into a réd gian 
star, which eventually! burns th 
EYimeyelecpanls)esvarel becomesd re, te , 


aes 


planetary nebula.” >~.>* 








= The Pleia es. open 
: slisteie olayelaie enough 
< to be seen by the.naked:. . i & 
eee eye from Earth.) * = 
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pe SN Wht Oe = 


Proto- 


planetary 
disks 


It is thought that our Solar System, 
as well as most others in the galaxy, 
formed thanks to a protoplanetary 
disk. These'start out as a protostar, 
AV eb (el eM Ese Molelehauetclmetstomu als 
potential to. become a star but is not 
yet hot enough, surrounded by a 

ie cate) (zreibat-b ace) Colelopmeye-\rale-valoyet- am 
forces cause the cloud to cone 
and start agus aeT caus sing ng 
material to clump toget 












The gaps in between 
the disk’s rings are 
where planets 
begin to form 
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Quasar : 


Quasars are the brightest 
objects in the universe, 

composed of streams of 

particlesemittedby ——- 
supermassive black holes. 
These particles exit the 
black hole at near thes pe eXer6 | 
of light and have more 
than all the starsir 


ai] 



















Plasma émanating from Sy 
Saturn is detected in y 
Fn al-mcolaanmeym e-lelle 
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Stars such as our Sun emit electromagnetic radiation in the form of radio 
waves, which have the longest wavelength of any wave in the 


combined, releas electromagnetic spectrum. This allows us to pick up the long-range 
energy. Nia eteytted et ou signals, amplify them using huge dishes and learn more about objects 
doesn’t contain a qua in our galaxy. By viewing the galaxy through radio telescopes we can 





see further than ever before and detect far-flung pulsars and quasars. 


Sagittarius 


No A-Z of the g 


fo) o) (fet that sits at its very heart. 
Sagittarius A* isa supermassive 
lo) Xela ate) = around which the 
entire galaxy revolves. Its mass is 
4 million times greater than the 
Sun’s and sits 26,000 light years 
from Earth. It is likely to have 
formed when a star collapsed in 
on itself, retaining all its mass but 
dramatically reducing in size. It 
will have become a supermassive 
black hole either by steadily 
acquiring matter or colliding with 
rebalelm els) me) tlelc@ele)(ce- elem 


KAY CLOGE-UP 


| suckin qrertnie a them, 
including light. However, they can 
be spotted by the high-energy 
light produced by stars and gases 
in their vicinity. Having said that, 
some things do manage to escape ' 
from Sagittarius A*. Images from 
dalen@letcbalebe-R-beleD.@\V ELVEN Cnaneyen 
observatories have shown 
incredible X-rays, gamma rays 

and flares being given off from the 
10) F-Yel cq ole) (=u (mers bole. Uesven oy) detected 





combining. Almost every galaxy by observing the effects i its ide: ! tae . *» 
d Flares from Sagittarius A* are © * '* 2 

has a supermassive blackholeat immense gravity on the prouotiaroundioncemday iba? ee 

its centre, keepingallthevarious surroundingarea. | | : * “. 











The Hubble telescope was 
FelUl aves al=tem [am hosel @ir-l elem ate ls 
fore] aisve MelU| am al=t-]q\Var-melel@) 
observation programmes 








radiation 





the See romaznetic spectrum, 1 . 
meaning that its wavelengths 
_ vibrate rapidly and can mess 
with our DNA. Our atmosphere ~ ; 

“mostly blocks UV radiation, 
howeyer. When stars turn into 

white dwarfs they emit | 


Telescopes come in many forms, 
helping us study the galaxy. There 
is the Very Large Telescope (VLT) 
array, which combines its four 
8.2-metre (26.9-foot)-wide mirrors 
to see 25 times farther than one 
alone. The Atacama Large 


Millimeter/submillimeter Array 
PAN BV PAN ere) atsitsieske)aolop c= (6018) 
antennas that receive signals 
emitted billions of years ago, and 
V(oxeccDomm(o)ecim@elelele)(omaelaqsyela hy 
orbiting Earth at 28,160 kilometres 
(17,500 miles) per hour. 





The Helix nebula is spewing UV 
ele |Fehale)amaaelaamlecmere)a-m-iom late (=s> 
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Voyager 


- Voyagers 1and 2 were launched in 1977 with the 


wo) a(=ae)a->.¢0) (oaberem lbloyincyar-belemet-laebaomM Melsmantce 
spacecraft returned amazing images of 
AV(o) Karsh alorctsmoyoU pel oyansy axcmeatore)eu (on. arel Saturn's 
sabe gs. (O} okexema olcara@ at=Comset-)e)elsrommelsmanione (el(ctoit 


gas giants their mission was extended to travel 


jevad Cyanetcveu-vanraret-vevset-le(-nele) (am erle| 


ventured before. Voyager 1 reached Uranus in | 
January 1986 and Neptune in 1989. It then , 
' entered interstellar space in August 201 | 
ime DorcpeoDlamborcmolcle- Merle quem t-Daden-lolelvime 
unknown region between solar syste! 


years ago, Voyagers1iare 2a 
exploring the galaxy and pr 
Deep Space Network, which i 
_antennas that allow data t 
incredible distances: — 





into space 
useful to ast 
even when 
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_ This detector is used to 


_ stored on a digital 












Taligcincte, ae 
spectrometer 

Used to measure the 
ultraviolet and infrared 
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s through the galaxy 
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back to Earth using X-band 
~ and S-band telemetry 













Cosmic-ray 
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nse particles that pass 

Voyager just below /¥ , = Y . 

he speed of light ; = 5 —— — Extendable 
[ ~ : sarelelatcime)eatciicig 












; This is responsible for 
-OW-gain ' a measuring the plasma in 
antenna _ Se, loXeldamuatcw o)i-lalclt-lavar-lale| 
A back-up to the ster interplanetary areas of 
lalfelabret-llam-lalecalat-e _ the galaxy 
ihimialielaantcluleyamerclawe > 7 

be sent it gets 























Yellow dwarf _Z = 


Our Suni is an example ofa yellow dwarf, one of The letter ‘z’ is the notation for redshift and 

several classifications of star. These stars havea _blueshift. As wavelengths ofthe light spectrum 

temperature range of 5,030 and 5,730 degrees change, so do the colours. If a star is moving 

Celsius (9,080 and 10,340 degrees Fahrenheit) | _ away from us, the wavelength ofits light is 

_and tend to live for around 10 billionyearsorso. —_ stretched out and becomes redder. If it is moving 

| ‘thi Doloynoimmot=yianvegemeolcon-Macvomeat-Dolm-ie-bar-b ele! towards us, it appears bluer as the wavelengths 

hen c se inte a white dwarf. Our Sun has get shorter. When zis positive the light is then 

Wane) illion years beforeitturnsinto shifted toward the red and ifz is negative it 

has blueshifted. 


the Milky Way galaxy a» il redshift and blueshift they exhibit 
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Telescopes 
The evolution of the telescope, 
from Dutch glass to Hubble 


Seeing stars 
Understand how a telescope 
works and view the stars 


Telescope classification 
What kind of telescopes do 
scientists use and how? 


_ Webb Space Telescope 
uccessor to the distinguishe 
Hubble Space telescope 


European Extremely 
Large Telescope 

Will this observatory hunt for 
Earth-like planets? 


How far can we see 

into space? 

What can we see, and how far 
away can we see it? 


Spectrography 7 
Determining the composition of 
distant stars 


Meteor showers 
Observing celestial spectacles 


Wildest weather in space 


James 


Webb Space 
Telescope 


The biggest storms in the universe 
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Telescopes 


Radio telescopes 
Using radio waves to measure 
celestial bodies 


Listening in to space 
Is there really anything to hear 
out there? 


Spitzer Space Telescope 
Last of the great observatories left 
on earth 
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Telescopes 


The telescope was the first step in really 
opening up the universe for scrutiny... 


elescopes are all designed to do the 

same thing: collect and magnify 

light so that we can examine it. 
Practically speaking, we most often use them 
to observe the cosmos. There are three main 
types of scope: refractive, reflective and 
compound. Hans Lippershey is credited with 
inventing the first working telescope in 1608, 
which was a refracting type using lenses. 
Lippershey’s invention was known asa Dutch 
perspective glass and probably consisted ofa 
convex lens at the end anda concave lens as 
an eyepiece. Numerous other astronomers 
worked to improve upon this initial design, 
including Galileo Galilei and Johannes 
Kepler; Galileo’s version of the refracting 
telescope was the first to be calleda 
‘telescope’, with Greek poet Giovanni 
Demisiani coining the name. 

Allrefracting telescopes had one flaw, 
however: the lenses created chromatic 
aberration, resulting in a blurry image. To 
combat this, astronomers made telescopes 
with longer and longer tubes, among other 
designs, but these were hard to manoeuvre. 

In 1668, Isaac Newton created the first 
reflecting telescope, which used mirrors to 
focus the light and avoided chromatic 
aberration. After Newton, Laurent Cassegrain 
improved on the reflecting telescope by 
adding asecondary mirror to reflect light 
through an opening in the primary mirror. 
The refracting telescope still held pull though 


because it was simply better at observing 
deep-sky objects as well as distant terrestrial 
objects. Since the lens was the issue, British 
inventor Chester Moor Hall came up with the 
achromatic lens in 1773. 

The Herschelian telescope (made by 
William Herschel), a reflector built in 1778, did 
away with the secondary mirror by tilting the 
primary mirror slightly. Astronomers tried 
making more reflective mirrors to better 
optimise light. Advancements such as 
coating mirrors with silver and, later on, 
aluminium, allowed for reflective telescopes 
with ever-larger diameters to be built. 





In 1930, German optician Bernhard 
Schmidt sought to create a hybrid telescope 
that took the best features of both refractive 
and reflective. The first compound, or 
catadioptric, telescope, hada primary mirror 
in the back of the telescope anda lens at the 
front. Later, a secondary mirror was added to 
create the Schmidt-Cassegrain model, and 
many variations followed. The compound 
telescope is the most popular design today. 

Through the 2oth Century telescopes 
began to be developed for other types of 
electromagnetic wavelengths, suchas radio, 
gamma ray, X-ray and ultraviolet. 
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The ESO’s Very Large Telescopé (VF jm 
actually comprisesfournmain telescopes 
called Antu, Yepun, Melipajang Kueyen 


Dutch perspective glass 
He may not have been the first to build one, but 
German-born spectacle maker Hans Lippershey 
is credited with designing the first telescope, a 


Newtonian telescope 
The first reflecting telescope was honed by 
Isaac Newton, who created it to help prove 
his theory that white light actually consists 


refracting one with 3x magnification; it was 
called the Dutch perspective glass 


Telescope timeline 


We reveal how this visual 
amplification device has 
evolved century by century 
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Galilean telescope 


Galileo Galilei perfected Lippershey’s 
design, creating a telescope with a 33x 
magnification. He used it to make some 
significant discoveries, like the phases of 
Venus and some of Jupiter’s moons 


of aspectrum of colours. His telescope used 
a concave primary mirror anda flat, 
diagonal secondary mirror 


Cassegrain telescope 


Priest Laurent Cassegrain came up with anew 
design for reflecting telescopes, using a concave 
primary mirror and a convex secondary mirror. 
This enabled light to bounce througha hole in 
the primary mirror onto an eyepiece 


The Meade ETX 125 combines quality and portability to make it 
one of the most popular Maksutov-Cassegrain telescopes around 


Lens Viewfinder 
The Maksutov- It can be difficult to 
Cassegrain is mainly a locate an object ina 
reflecting telescope, telescope, so most 
but has a lens through come witha 
which light passes viewfinder - a 
before it reaches the small, wide-field 
mirror to help scope that has 
counteract any crosshairs and 
aberrations. This helps you to centre 
corrector lens is a the telescope ona 
negative meniscus, specific object. This 
which has a concave | model includes a 





surface on one side dew shield 
and a convex surface 

on the other 

Tube Eveni 
Maks-Cass scopes have a short yepiece 


Light ultimately reaches the 
back of the telescope, where 
the eyepiece is located. This 
telescope uses a Plossl, or 
symmetrical, eyepiece, 
which comprises two lenses: 
one concave and one convex. 
It makes for a large apparent 
field of view (the circle of 
light seen by your eyes) 


tube length relative to the distance 
that the light actually travels. 
That’s because the mirror setup 
‘folds’ light. Light reflects off the 
primary mirror at the back of the 
telescope, which is concave, back 
to the front. The secondary mirror, 
which is smaller and convex, 
reflects the light back through a 
tiny hole in the primary mirror 


Computer controls 


Setting circles 


Many telescopes can be 
computer-controlled, which 
further simplifies locating 
celestial bodies. You plug in the 
controller, and you can use it to 
slew (move) the telescope in 
any direction. You can also put 
in your location, and the device 
will move and locate objects 

in the sky for quick and 

easy stargazing 


First lunar photo 


_¥ John William Draper was the first to 

” capture the Moon in18 40. Using the 
daguerreotype process and a 13cm (5in) 
reflecting telescope, Draper tooka 
20-minute long exposure and helped 
found the field of astrophotography 








First automated 
telescope 


Arthur Code and other researchers 
used one of the first minicomputers 
to control a 20cm (8in) telescope. It 
measured a fixed sequence of stars 
using a punched paper tape 


The declination (on the side) and 
right ascension (on the bottom) 
setting circles are used to locate 
stars and other celestial bodies 
based on equatorial co-ordinates 
often found in sky maps. Many 
telescopes have digital setting 
circles, which provide the viewer 
with a database of objects and 
make it simple to point your 
telescope in the right direction 


Keck telescopes 


The Keck telescopes are two 10m (33ft)-diameter 
reflecting telescopes that saw first light in May 1993. 
They are located at the WM Keck Observatory on 
Mauna Kea in Hawaii. Each large mirror is actually 
composed of smaller segments, which are adjusted 


and controlled via computers 


Hubble Space Telescope Large Binocular Telescope 


NASA’s Discovery shuttle placed the HubbleSpace Located in Arizona, the Large Binocular Telescope 
Telescope into low Earth orbitinApril1990.Itisa § isone ofthe mostadvanced optical telescopes inthe 
reflecting telescope that contains five different world. Built in 2005, it has two 8.4m (28ft) aperture 
scientific instruments for space observations, mirrors. The first image observed was of the spiral 
including spectrographs and photometers galaxy NGC 2770, 88 million light years away 


Hooker 100-inch telescope 


With a2.5m (8.2ft) reflecting mirror, Hooker's telescope 
in Los Angeles, CA, was the largest in the world until 
1948. Interestingly, in 1924 Edwin Hubble used it to 
observe galaxies outside the Milky Way, ultimately 
concluding that our universe is expanding 
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1. Light shade 


Like a camera lens hood, 
designed to block out 
unwanted light sources 


The Coronet Cluster as 
Mxe)os\>ar(cremeyanels 

Chandra X-ray 

Olean ays 


a 


5. Eyepiece 

The ‘optical out’ for the 
chosen target’s light 
source, designed to the 
scale of the human eye 


6. Focuser knobs 
Similar to an adjustable 
camera lens, good for 
making incremental 
adjustments to provide 
better image clarity 





Telescopes are a wide-ranging form of 
technology used by scientists, astronomers 


and civilians alike, to observe remote objects 
by the collection of electromagnetic radiation 


How do 
telesco 





see Stars? 


rom their origins as simple hand-held instruments formed 

from a crude coupling of convex objective lens and concave 

eyepiece used to observe distant objects, to their utilisation 
in collecting and monitoring electromagnetic radiation 
emanating from distant space phenomena, telescopes are one 
of the human race’s most groundbreaking inventions. Indeed, now 
there are telescopes which can monitor, record and image almost 
all wavelengths of the electromagnetic spectrum, including those 
with no visible light and their usage is widening our 
understanding ofthe world around us and the far-flung reaches of 
space. Here, we take a look at some of the forms of telescope in use 
today, exploring how they work and what they are discovering. 
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3. Finderscope 

A smaller telescope with a 
wider field of view, designed 
to allow quicker spotting of 
the chosen target 












4. Finderscope 
bracket 

The often detachable 
bracket holding the 
finderscope in place 














2. Telescope main body 
The main body of the telescope 
system where light is reflected, 
refracted or both to a focus point 


9. Latitude 
adjustment 
T-bolts 

Twin bolts used to 
stabilise latitude 


7. Counterweight 


A simple counterweight 


to aid stability 
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Messier 82 is about 12 
million light-years 
away but the Hubble 
telescope still 
serchelaebacronn ents 
amazing image 


Learn all about the 
types of optical 
telescope used by 
amateur and 
professional 
astronomers alike 


1 Reflecting 


One of the most common types of 
optical telescope, a reflector 
utilises one curved mirror and one 
flat mirror to directly reflect light 
throughout its main body and 
form an image. The reflecting 
telescope was created in the 17th 
Century as an alternative to the 
refracting telescope, which at the 
time suffered from severe 
chromatic aberration (a failure 

to focus all colours at the 

same point). 


NGC 281 is visible 
in amateur 
telescopes from 
oE-Vacasicara (orerstaleyers 





2 Refracting 


The first type of telescope to be 
invented in 1608 was a refractor. 
Utilising a partnership of a 
convex objective lens and a 
concave eyepiece lens to form its 
image, refractors are still used 
today. However, there are 
numerous technical 
considerations including lens 
sagging, chromatic aberration 
and spherical aberration that 
have demeaned their 
effectiveness in recent years. 


The 84” telescopein 


Kitt Peak@bservatory, 
i NavAeyere! 


t ; : 
: form an image, as well as a 
number of correctors to maintain 


Since its creation in 1608, the optical telescope —_xeuracy:Thefirst catacioptric 


telescope was made by the 


has made the close viewing of far away things a _ optician ernhara Schmit who, 


with his patented Schmidt 


piece of cake. But how do they work? telescope, corrected the optical 


errors of spherical aberration, 
The standard optical telescope works by reflecting or refracting large quantities of coma, and astigmatism. 


light from the visible part of the electromagnetic spectrum to a focus point 

observable through an eyepiece. In essence, the large objective lens or primary 

mirror of the telescope collects large quantities of light from whatever it is targeted 

at, then by focusing that light on a small eyepiece lens, the image formed is 

| ; ; magnified across the user’s retina, making it appear closer and considerably 
8. Azimuth adjustment knob larger than it actually is. Therefore, the power of any given telescope is directly 
. a uae aienaus vie ree bei ack relative to the diameter or aperture of the objective lens or primary mirror, with 

a a aad the larger the lens/mirror, the further and larger the image produced. 









3 Catadioptric 
The most advanced and stable of 
all optical telescopes are 
catadioptrics, which employ a 
mixture of mirrors and lenses to 
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Dishes need to be large as radio 





telescopes | 


Characterised usually by their large dishes, 
radio telescopes allow us to receive signals 
from the depths of space 


he radio telescope works by 

receiving and then amplifying radio 

signals produced from the naturally 
occurring emissions of distant stars, 
galaxies and quasars. The two basic 
components ofa radio telescope are a large 
radio antenna anda sensitive radiometer, 
which between them reflect, direct and 
amplify incoming radio signals typically 
between wavelengths often metres and 
one millimetre to produce comprehensible 
information at an optical wavelength. Due 
to the weak power of these cosmic radio 
signals, as wellas the range in wavelength 
that they operate in, radio telescopes need 
to bevery large in construction, as the 
efficiency of the antennais crucial and can 
easily be distorted by potential terrestrial 
radio interference. 

The most common radio telescope seen is 

the radio reflector; this consists ofa parabolic 


1. Radio wave 
Incoming radio waves 
are diverted toward 
the secondary reflector 





3. Parabolic reflector 


waves are weak and sporadic 


6. Support structure 


Radio telescopes tend to be 
made from light materials 
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The Mount Pleasant 
radio telescope 3 
in Australia | 


© Noodlesnacks 
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antenna - the large visible dish -and 
operates ina similar manner toa television 
satellite dish, focusing incoming radiation 
onto a receiver for decoding. In this type of 
radio telescope, often the radio receiver/ 
solid-state amplifiers are cryogenically 
cooled to reduce noise and interference, as 
wellas having the parabolicsurface ofthe 
telescope equatorially mounted, with one 
axis parallel to the rotation axis of Earth. This 
equatorial mounting allows the telescope to 
follow a fixed position in the sky as the Earth 
rotates, therefore allowing elongated periods 
ofstatic, pinpoint observation. 

The largest filled-aperture telescope is 
the Arecibo radio telescope located in 
Puerto Rico, which boasts a 305-metre dish. 
Contrary to other radio telescopes with 
movable dishes however, the Arecibo’s 
dish is fixed, instead relying ona movable 
antenna beam to alter its focus. 


Animage of 
Jupiter received 
througha radio 

1X2) (arsere) of 


Ni B 

*. ASupernova remnant: °,'. @ 
imaged from signals 
‘received bya radio telescope 









2. First 
focal room 


An observation 
capsule located at the 
primary focus point 




















4. Receiver 
Receivers need to be 
hyper-sensitive in order 
to capture signals 









= F 
.. 5. Secondary reflector 

The secondary reflector diverts 

radio waves down to the receiver 
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High-energy particle telescopes 

_ These need to be positioned in space as the 
gamma-rays, x-rays and ultraviolet light they 

| observe are blocked by Earth’s upper atmosphere 


Optical telescopes 

The telescopes are positioned on Earth and 
can observe visible light. However, difficulties _ 
can occur when trying to capture weak signals — 
due to atmospheric distortion 


100% 





Wavelength 
At different points of the 

electromagnetic spectrum 
wavelengths vary 


Atmospheric 
Opacity 
rat 


0% 


1nm 10nm 100nm 


0.1 nm 


The Spitzer 
Space 
Telescope 
being prepped 
before launch 
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The limits of radio and optical 
telescopes have led scientists in 
exciting new directions in order to 
capture and decode natural 
signals from distant galaxies. 

One of the most notable is 
the x-ray telescope, which 

differs in its construction 

thanks to the inability of 

mirrors to reflect x-ray 
7 = vw 


















Infrared telescopes 
Because most of the infrared 
spectrum is absorbed by Earth’s 
atmospheric gasses, these types 
of telescopes also need to be 
positioned in space 


1 mm 1 cm 


Wavelength 


1pm 10um 100 ym 





radiation, a fundamental necessity in 
all reflection-based optical and radio 
telescopes. In order to capture x-ray 
radiation, instead of being directly 
reflected into a hyper-sensitive receiver 
for amplification and decoding, itis 
acutely reflected anumber of times, 
changing the course of the ray 
incrementally each time. To do this the 
x-ray telescope must be built from 
several nested cylinders witha 
parabolic or hyperbolic profile, guiding 
incoming rays into the receiver. 

Crucially, however, all x-ray 
telescopes must be operated outside of 
the Earth’s atmosphere as it is opaque 
to x-rays, meaning they must be 
mounted to high-altitude rockets or 
artificial satellites. Good examples of 
orbiting x-ray telescopes can be seen 
on the Chandra X-ray Observatory and 
the Spitzer Space Telescope. 

Other high-energy particle 
telescopes include gamma-ray 
telescopes, which study the cosmos 
through the gamma-rays emitted by 
stellar processes, and neutrino 
telescopes, a form ofastronomy still 


very much in its infancy. A neutrino 





10cm im 





Telescope classification 


Which telescopes are able to 
see what in the universe 


Atmospheric opacity 

The measure of impenetrability to 
electromagnetic or other types of radiation. So 
if there is high-atmospheric opacity, radiation 
is blocked, scattered or diffused, while if it’s 





| telescopes | 
| Radio waves are : 
observable from 
Earth with little 
atmospheric 


distortion 











100 m 


10m 
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High-energy particle 
telescopes 


Advanced technology is pushing back the 
boundaries of high-energy astronomy 


telescope works by detecting the 
electromagnetic radiation formed as 
incoming neutrinos create an electron 
or muon (unstable sub-atomic particle) 
when coming into contact with water. 

Because of this, neutrino telescopes 
tend to consist of submerged 
phototubes (a gas-filled tube especially 
sensitive to ultraviolet and 
electromagnetic light) in large 
underground chambers to reduce 
interference from cosmic rays. The 
phototubes act as a recording 
mechanism, storing any Cherenkov 
light (a type of electromagnetic 
radiation) emitted from the interaction 
of the neutrino with the electrons or 
nuclei of water. Then, using a mixture 
of timing and charge information from 
each of the phototubes, the interaction 
vertex, ring detection and type of 
neutrino can be detected. 


atayasvalcconvaeslentsiaceyel 
glowing inthe core ofthe 
Advanced Test Reactor 
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James Webb 
Space Telescope 


The successor to Hubble will change the 
way that we see the universe 


he James Webb Space Telescope 

(JWST), originally known as the Next 

Generation Space Telescope, employs 
engineering techniques never used ona 
space telescope before and will produce 
unparalleled views of the universe. 
Originally scheduled to launch in 2018, 
delays mean the JWST is scheduled for 
launch in 2021in a joint venture between the 


A full-scale model of the 
JWST has been travelling 
the world since 2005 





The secondary mirror on the JWST, which 
reflects the light from the primary mirror 
into the instruments on board, can be moved 
to focus the telescope on an object. Each of 
the 18 hexagonal segments can also be 
individually adjusted and aligned to produce 
the perfect picture. While Hubble’s primary 
mirror is just 2.4 metres in diameter, the 
mirror on JWST is almost three times as big at 


The telescope will sit almost a 
million miles from usinline 
Velden elsworsbanebsbeccumelseleer 


ESA, NASA and the Canadian Space Agency. 
Primarily, the JWST will observe infrared 
light from distant objects. 

To gather light on the telescope the 
primary mirror on the JWST is made of 18 
hexagonal beryllium segments, which 
are much lighter than traditional glass and 
also very strong. To roughly point the 
telescope in the direction of its observations 
a Star tracker is used, anda Fine Guidance 
Sensor (FGS) is employed to fine-tune 
the viewings. 


Primary mirror 

18 beryllium hexagonal 
Yelelenl=ialacmee)|(sveamanleml(ejai 
lieeaee Kel cit-lalme)e)(=reas 


Secondary mirror ___, ™ 


This mirror reflects light 
from the primary mirror 
and can be moved to focus 
the light into the ISIM 


Ulacial(sie 


The size of a tennis 
court, this protects 
the telescope from 
external light sources 
such as the Sun 
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6.5 metres in diameter, allowing for much 
more distant and accurate observations. 

Abox called the Integrated Science 
Instrument Module (ISIM) sits behind the 
primary mirror to collect the light incident 
on the telescope. The ISIM is attached toa 
backplane, which also holds the telescope’s 
mirrors and keeps them stable. Asunshield, 
composed of five layers of Kapton with 
aluminium and special silicon coatings to 
reflect sunlight, protects the incredibly 
sensitive instruments. 


Moon 


Ata 


Lagrange point 2 ——___________§, 
Its position will ensure it does 

not receive unwanted light 

but enough for solar power 





Stargazer 


The James Webb Space Telescope contains some 
revolutionary technology to provide unprecedented 
views of the universe, and also builds on the success 

of earlier telescopes. It operates at -223°C to prevent 
JaXerclipcs(obt-laloyeu-viccvesbetcadelcwbetsiaaubes(svelesneyeueler- Neon 


Backplane 

This structure holds the 
18 mirror segments and 
has the telescope’s 
instruments on its back 


ISIM 


The Integrated Science 
Instrument Module 
collects the light from 
the secondary mirror 
and produces an image 


Viewfinder 

JWST will use a star 
tracker to point itself in 
ldat=Mella=vous (eae) m-B-jt-\6 
for observation 





DID YOU KNOW? It aims to take pictures 15 times sharper than Hubble can 


age 





n Extremely 





Large Telescope 


How will this record-breaking observatory hunt for Earth-like planets? 


ince its invention over 400 years ago the humble 

telescope has come on leaps and bounds. Inthe 

early 20th Century astronomers relied on old 
single or twin-mirror methods to produce images of 
distant galaxies and stars, but as the size of telescopes 
increased the quality of imagery reduced. It wasn't 
until the arrival of the Keck Observatories in Hawaii 
in the Eighties and Nineties, using 36 smaller mirror 
segments stitched together like a honeycomb, that 
telescopes were really able to view distant corners of 
the universe in stunning detail. This segmented 
design provides the basis for how the next generation 
of super-powerful telescopes will work, such as the 
European Extremely Large Telescope (E-ELT), which 
is being built by the European Southern Observatory. 

What makes the E-ELT stand out from the crowd is 

its sheer size. Currently, the largest telescope in 
operation on Earth is the Large Binocular Telescope in 


Lasers 

Powerful lasers at the corners 
of the primary mirror will allow 
distant stars to be used as 
‘guide stars’ to help the E-ELT 
focus on celestial objects 


Aperture 
_ The aperture of the E-ELT is 39.3m 
(129ft) across, enabling it to 
collect an unprecedented amount | 
i - of light from distant objects 


Primary mirror 
The principal mirror of the 
E-ELT is made up of 800 
smaller hexagonal mirrors, 
each 1.4m (4.6ft) across 


PNG vA0) at Oa Oey. vasjele)anbelce-ber-lel-Janulccnuetslmesterclsielaccrs! 
‘measly’ 11.9 metres (39 feet) in diameter. The aperture 
of the E-ELT comes in at a mammoth 39.3 metres (129 
feet), about half the size ofa football pitch. 

The telescope, expected to be finished withina 
(o(axersKolsmarilal dm elsuolensime)anG-vacep-asetsVAe)alacprs! 
3,000-metre (9,800-foot) mountain located in Chile’s 
Atacama Desert where many other telescopes, 
including the recently activated Atacama Large 
Millimeter/submillimeter Array (ALMA), reside. The 
loX=yaleysime) an ebtse (ofer-ualoyewtsxelonvaleeriavalece-llsinelelcy 
allowing the cosmos to be viewed with less 
atmospheric interference than would be 
experienced at sea level, although some will 
still be present. 

To overcome remaining atmospheric 
interference, the E-ELT willusea 
technology known as adaptive optics. 


= 


On reflection 


|D)isimebaey-Valecrowbameelerslneelessjo)elcvacner-bamelen-(eeelepelilebieye 
by measuring the air that is within the telescope’s 
view. Tiny magnets move its 800 segmented mirrors 
about 2,000 times a second to adjust the view to avoid 
any turbulence. 

The primary goal of the E-ELT is to observe 
Earth-like planets in greater detail than ever before, 
but it will also be able to see much fainter objects 
- possibly even the primordial stars that formed soon 
after the Big Bang. Apart from the E-ELT there are two 
other extremely large telescopes under construction: 
the 24.5-metre (80-foot) Giant Magellan Telescope 

and the Thirty Meter 
Telescope (which will 
4 be98 feet); both are 
, also expected to be 
7 leted within 











Light 

The E-ELT will be able to 

gather 100,000,000 times 

more light than the human 

eye, or more than all of the 
ee 10m (33ft) telescopes on 
Earth combined 


‘ +> 
24 a 


= Image 
-_ Optical and infrared light is 
reflected between the 
mirrors of the telescope 
before being collected by 
=~ astronomical cameras 
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The mirror of the E-ELT will be larger 


than the combined reflective area of all re oi sae Ss : 

major research telescopes currently in ee. ihe ¥ # ‘ ps 

use, allowing the mammoth structure to soley hana enatcire Se ke 
hereyou can see how it 


detect light from the early universe 








stacks up to Big Ben. | 
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mlave(sia®)alars 

By gathering light 
Lineeamel(cie-lalme)e)(aLed 
the STIS and COS can 
create wavelength 
spectrum 
‘fingerprints’, 

which contain 
Taikelaaarcitcelame)amant=) 
structure and 

oxen) exestie (ela Ke) j 
each object 


COS 


Hubble also has a second 

rj ofated tw eyele=]e)amercli(svep uals) 
Cosmic Origins Spectrograph 
(COS), which sees only in 
ultraviolet light. The STIS is 
best for observing large 
objects like galaxies, while the 
COS is used to observe points 
of light like stars and quasars 


ONO) NOVY 


Spectrography can be used to 
measure the composition of 
distant stars and galaxies 


How can we determine the 
composition of a distant star? 


pectrography, or spectroscopy, is the 

study of light from distant objects (such 

asa black hole or galaxy) to analyse their 
composition, movements and structure. 

It works by measuring the intensity of light 
present across a range of energies on the 
electromagnetic spectrum. Every element in 
the universe has a particular pattern of black 
lines, known as emission lines, unique to that 
element on the spectrum. By matching the 
known emission lines of an element to those 
observed ona spectrum from an object, the 
composition can be determined. 

Aspectrometer is an instrument that is used 
to analyse these electromagnetic spectrums. 
In practice, it does this by observing the light 
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(be itvisible, infrared or otherwise) emitted 
from a source, and deducing the various 
energies associated with that light. Depending 
on the elements that are present ina celestial 
body, the spectrum it produces will be 
different to that from any other body. 
Spectrometers are used ona variety of 
space telescopes, including the Hubble 
Space Telescope (see the above diagram), 
but they can also be used here on Earth to 
study not only distant space phenomena but 
objects on our planet too, like plants and 
minerals. Spectrography is very useful in 
astronomy, providing us with the answers 
to howstars form, what they are made of 
and more. 


Inside Hubble’s 
spectrographs 


STIS 

The Space Telescope Imaging 
Spectrograph (STIS) on the 
Hubble Space Telescope is 
used to study ultraviolet, 
visible and near-infrared light 
from distant celestial bodies 





The Cosmic Origins Spectrograph (COS) was installed 
on the Hubble Space Telescope in May 2009 
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Hydrogen spectrograph 
Discover how the emission of hydrogen froma 
star appears on the electromagnetic spectrum 


Pattern 

By matching the pattern of lines with 
existing spectrographs, scientists can 
establish what they are looking at 


The Leonids 


While not the most consistent of 
meteor showers, the Leonids can be 
one of the most dynamic spectacles 
in an astronomer’s calendar. They're 
a product of the comet Tempel- 
Tuttle, which has a radius of around 
1.8 kilometres (1.1 miles) and hasa 
33-year cycle. The comet itselfis 
fairly unremarkable compared to 
the likes of Halley’s or Hale-Bopp, 
however it leaves behind a dense 
stream of debris that resultsina 
meteor shower rate that can reach 
as Many as 300 meteors an hour. 


Why the most famous of these celestial spectacles ate an annual event 


eteors' Enict “the Earth's 
NA atmosphere all the time. Spend 

alittle time looking up at the sky 
at night in the country or a place with 
similarly low light pollution and there’s 
a good chance you'll see a ‘shooting star’, 
detcwacciellmeya-Do@eelaaloyemelepaebsercadel= 
meteor up. At certain times of the year 
astronomers can even forecast an 
increase in their frequency and 
luminosity as annual meteor showers 
hit our planet. So why do these occur 
regularly and howare scientists able to 
predict them? 

A meteor shower is a group of meteors 
that originate from the same source. In 
the common case of one of the most 
prolific annual meteor shower events in 





fhe cosmic eglenaar dels Perseids, 
they're material stripped off the comet 
Swift-Tuttle by solar radiation as it 
passes the Sun. This debristhen trails 
behind the comet, spreading out along 
its orbit and, ifthe Earth’s own orbit 
crosses its path, then a meteor shower 
ensues. As it happens, both Earth and 
Swift-Tuttle follow very regular paths, 
which is why when Earth crosses 
Swift-Tuttle’s orbit a predictable, 
late-July event occurs that peaks in 
August at around 75 meteors an hour. 

Perhaps the most famous comet of 
them all, Halley’s, has its own regular 
meteor shower called the Orionids that 
appear in October, though at a much 
lower rate than the Perseids. 


Fl 


Is the Swift-Tuttle Gites a threat? 


Swift-Tuttle has a 130-year,erbit of the Sun and its first recorded 
‘sighting was by astronomers Lewis Swift and Horace Tuttle overa 
‘century ago in July 1862. Astrophysicist Brian Marsden’s calculations 
for the next perihelion (the name for any satellite’s closest approach 
to the Sun) in1992 were off by 17 days, which put the comet ona 
potential collision course with Earth in 2126. It panicked 
astronomers, as the comet is around 9.7 kilometres (six miles) wide, 
which is roughly the same size as the Chicxulub asteroid that’s held 
to be the major culprit in the extinction of the dinosaurs 65 million 
years ago. But having traced Swift-Tuttle’s orbit back 2,000 years, 
Marsden was able to refine his calculations to put the cometa 
comfortable 24 million kilometres (15 million miles) away for its next 
appearance. However, ifthe calculations play out, there will be a real 
cosmic near-miss when 3044 rolls around, as Swift-Tuttle will pass 
within just 1.6 million kilometres (1 million miles) of our planet. 
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Space is on another scale 


15 





DID YOU KNOW? In 1989, geomagnetic storms caused an electrical blackout in Québec, Canada, that lasted 12 hours 


our planetary neighbours, it’s actually 
rather mild. Plus, alot of our weather 
can besummed up in one word: water 
(albeit in various forms). Meanwhile, 
on planets lacking water, an 
atmosphere or a magnetic field to 
JoN(elCommalcvesBeceveommslcanievecime)anelcrsloneks 
radiation, you have to wonder why 
we're so keen to visit any of them! 

One factor all of the planets have in 
common is the Sun and its emissions. 
The heliosphere is considered a part of 
the Sun’s atmosphere, but it extends 





srs alsyaeemarsbanenersbenel= 
extreme, but whatever’s 
happening outside right 


now where you are, it’s a safe bet that 
it’s better than the weather in the rest 
of the Solar System. 

Earth has the nicest weather 
thanks to anumber of features: its 
size, its distance from the Sun, its axial 
tilt, orbital and rotational period, and 
its chemical composition. Although 
Earth’s meteorology can be 
devastating, in comparison to some of 


Jupiter’s Great 
Red Spot ¢ 


One of the defining features of the Solar 
System's biggest planet is a storm located 





. + SR 
about 22 degrees south of the equator inthe = yah 


SSA 4 4 
\ hy " ‘y ol ? 


South Equatorial Belt (SEB), commonly known 
as the Great Red Spot (GRS). Astoundingly, the 
GRS has been raging for more than 400 years, 
eDaLOMisw (olerslncrousim-webecdelcyar-liainbe(cr- bare 
measures colder than the surrounding cloud 
layer. It rotates anticlockwise, making one full 
rotation every six Earth days and is currently 
as large as two Earths across. The storm has 
shrunk by halfits size in the past 100 years - at 
one point its diameter was measured at more 
than 40,000 kilometres (24,855 miles). 

The GRS is different from storms on Earth 
because the heat generated within the planet 
continually replenishes it. Hurricanes on 
Earth dissipate when they make landfall, but 
Jupiter is gaseous, so the storm rages on. 
Jupiter’s atmosphere is composed of cloud 
belts that rotate due to asystem of jet streams. 
WMel=paloyadel-voeks)le(cne)auelercie)ese@tsuoleyaclcvacrel 
by an eastward jet stream and the southern 
side by a westward jet stream. These hold 
id elensine) ges @neme)t-lece-lowlmestslcacu tal esse-Baele pele 
idelemo)tcbelaim 

Despite the high winds around it, there’s 
little wind inside the storm. Its colour is 
Jo) colerclo)avaerslursixomehvacibdlo)alepaleneeyesteeleneletse- bere! 
varies from white to dark red, and sometimes 
itisn’t visible at all. These colour changes 
seem to correspond to colour changes in the 
SEB, but without any predictable schedule. 
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JoX=yV(0) ae ed lvlcomr-Leyelelmceneyecnteyel 
kilometres (12 billion miles) from the 
star. So Earth does have some weather 
in common with other planets. In 
February 2014, researchers at NASA’s 
Goddard Space Flight Center 
discovered a phenomenon that is 
(olo)aabanteyen-velome-inel-)molcvelscinet-bene)el 
Earth has much greater repercussions 
on Venus. Atype of solar wind calleda 
hot flow anomaly (HFA) causes 
massive explosions of energy, but on 
SeVae eB imcne(=ilvanclemeyvan els 


Saturn’s hexagonal jet str 


Jet streams are generally circular, but Saturn likes to be different. 
The Voyager mission made an interesting discovery in the 
early-Eighties when flying over the planet’s north pole. 
It’s surrounded by a jet stream that’s not circular but 
hexagonal. Each side of the hexagon is estimated 
to be 15,000 kilometres (9,321 miles) long and it 
has a 30,000-kilometre (18,640-mile) 

hE bast=ik=) om imcibeeaelepelelse- Rie) atcy.e- bale 
rotates at the same rate as Saturn (a day 
on Saturn is about ten anda half 
hours). University of Oxford 
physicists re-created the process in 
a lab using a cylinder of water as 
idolcm o)t-Balcimon-lmeatelsjoelvacmyisiaens! 
ring inside it representing the jet 
stream. The cylinder was placed 
(o}aecusjeyncvevvetome-lo)cx-velomselswaners 


fi 
«£ 


ed 


spun faster than the water. The - 


- Has lasted over 


4,,700X longer 


than Earth's 
longest storm 


faster the spin, the less circular ‘ 
the jet stream became. By 
varying the speed and the 
differences between rotations . f 
of the water and the ring, 
different shapes appeared. The 
theory is that the rate at which 
this particular jet stream spins in 
relation to Saturn’s atmosphere 
creates the hexagonal formation. 


. 
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magnetosphere. However, Venus has 
no magnetosphere, so the explosions 
can cover the entire planet. Not that it 
was particularly hospitable anyway. 
That’s not even the strangest 
weather in the Solar System. While 
studying it can be hard, our history of 
flybys, missions and probes help us to 
create detailed models of climate on 
other planets like Mars. Learning 
about similar effects on other planets 
is helping us to predict and prepare for 
changes in weather on Earth. 


Dust storms on Mars 


Earth's deserts have nothing on the Martian 
landscape when it comes to dust storms. The Red 
Planet is so dry, dusty and rocky that its dust 
storms can last for weeks. These storms develop 
quickly and can cover vast regions of the planet. 
Because the Martian atmosphere is so thin, 
superfine particles of dust rise in the air as heat 
from the Sun warms up the atmosphere. 

Mars has such an eccentric orbit compared to 
Earth, that its seasons are very extreme; 
temperatures can be as low as -143 degrees 
Celsius (-225.4 degrees Fahrenheit) and as high as 
35 degrees Celsius (95 degrees Fahrenheit). 
During Martian summers, when the te 
swings the most at the equator, dust ste 
much more likely to develop. 
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What role does 
the Sun play in 
space weather? 


There are numerous factors that affect weather 
on each planet in the Solar System, but they all 
have one thing in common: the Sun. Two main 
types of solar activity take place in the Sun’s 
atmosphere that have far-reaching effects. 
Coronal mass ejections (CMEs) and solar flares 
can wreak havoc ona planet. CMEs are bursts 
of magnetic fields and solar winds that release 
matter and electromagnetic radiation. Solar 
flares are massive bursts of light and energy 
that release atoms, ions, electrons and 
radiation. ACME usually follows a solar flare. 

These energy surges from the Sun can result 
in solar energetic particles (SEPs), highly 
energised particles including electrons, ions 
and protons that can travel as fast as 80 per cent 
the speed oflight. SEPs and other matter and 
radiation that reach Earth cause geomagnetic 
storms that can have a variety of effects. 

They cause the stunning polar auroras, but 
other effects are less desirable. 

In the case of solar flares, there’s an increase 
in the amount of UV radiation in the Earth’s 
atmosphere, which can affect the movement 
and longevity of satellites by making the 
atmosphere denser. They can cause 


interference and disruption of communications 
and navigation on the surface, while particles 
from flares can damage the delicate electronics 
found on satellites or the International Space 
Station. They can even cause changes in the 
Earth’s climate. 
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Saturn’s diamond rain 


Some researchers believe that lightning storms 
on Saturn may result in diamond precipitation - 
as much as 1,000 tons each year. The theory is 
that lightning zapping the methane in the 
atmosphere releases carbon atoms from the gas. 
These carbon atoms stick together and drift 


down towards the planet’s core. As the pressure 
and temperature mount, the carbon is 
compressed into graphite and eventually 
diamonds that could be as big as a centimetre 
(0.4 inches) in diameter. However, when 
diamonds reach the core - where temperatures 
can be as hot as 7,727 degrees Celsius (13,940 
degrees Fahrenheit) - the gems would melt. 





Violent Neptunian winds 


The outermost planet in our Solar System has some 
seriously extreme weather in general, but what 
really blows astronomers away is its wind. In fact, 
Neptune is home to the strongest gales anywhere in 
the Solar System, topping out at over 2,100 
kilometres (1,300 miles) per hour - about the speed 
ofa fighter jet. By comparison, winds on Earth 
generally max out at 400 kilometres (250 miles) per 
hour. These powerful winds move in the opposite 
direction to the rotation of the planet, and there are 
two different theories for what causes them. One 
idea is that although they're powerful, these winds 
remain high in the atmosphere, ina layer no more 
than1,000 kilometres (600 miles) thick. This means 
that the processes causing these winds are also 
shallow, likely due to the condensation and 
eniécl okey echmloveme)mecteytcinebacmbemmetce-1uselelsje)el-vacmm Nels 
other theory is that these processes are much lower 
in the atmosphere, caused by the meeting of the 
heat generated from within the planet as its core 
shrinks as it meets the extreme cold at the surface 
(below -200 degrees Celsius/-328 degrees 
Fahrenheit). Ifthe winds do prevail deeper into the 
atmosphere, they may also be intense because the 
planet’s surface contains nothing to slow them. 





5x stronger than 
gusts on Earth 


Jupiter’s electric auroras 


The auroras on Earth get a lot of attention for their 
beauty, but Jupiter has auroras larger than the 
entire Earth. In fact, they produce nearly a million 
megawatts of energy! And unlike Earth-based 
auroras, they're always happening. On Earth, the 
light displays are caused by solar storms, but 
Jupiter’s auroras are self-generated. As the planet 
rotates, it generates electricity at its poles and 


Jupiter’s auroras have been 
described by some scientists 
as ‘northern lights on steroids’ 


forces charged particles (ions) into the 
atmosphere, causing a reaction resulting in 
beautiful displays. One potential source of the 
ions is Jupiter’s moon Io, but scientists aren't sure 
JaXo\ Van ebtsp ets) e) ol=ystsmmOsimesnrale)(cumbest-texcrne) an els 
auroras reveal their blue glow, and three blobs of 
light. These are Galilean moons Io, Ganymede 
and Europa as they meet Jupiter’s magnetic field. 








DID YOU KNOW? Solar flares can release energy equivalent to the explosion of millions of 1a0-megaton hydrogen bombs 


Titan is home to 
methane rain 


WWie-beM Coe) Cecp or ba ocdDIKConMet-DeNcecnromlice-loloneler.belecneyi 
lakes, rivers and clouds. But appearances can be 
deceiving; instead of a water cycle, Saturn’s largest 
satellite has amethane cycle. Seasonal rains fill the 
moon’s basins, the contents of which evaporate and 
condense into clouds that once again release rain. 


Titan’s methane 
cycle in focus 


Titan has a methane/ethane cycle that 
follows the seasons, similar to the monsoon 
rains in some places on Earth 


Cloud formation 
Emissions from the 
volcanoes and vapour 
from the lakes rise and 
condense into clouds 


Precipitation 
Precipitation in the form 
of methane rain falls and 
fills the lakes, starting the 
cycle again 


Surface lakes 
The massive lakes on the 
surface of Titan are 
mostly clustered near its 


north pole and are 
relatively shallow despite 
having a great expanse 













Volcanic degassing 
Methane gas is released 


from the moon’s interior 
through volcanic activity 





Evaporation 
The methane and ethane 


gases evaporate from the 
lakes as the seasons 
change on Titan 








Top five 
weather 
satellites 


GPM = Launch: 2014 
The Global Precipitation 
Measurement is 
designed to provide 4D 
views of hurricanes, 
rainstorms and even 
falling snow on Earth. It 
provides both long-term 
climate research and live 
weather forecasts. 





p=] 0 0)"/ : ae = 10 aoi p40) bo) 

The Deep Space Climate 
Observatory satellite will spot 
space weather (like solar flares) 





datslmere)vu(omol-Morsbastctoaneremne) -* 


Earth. DSCOVR is in an orbit 
1.5mn km (932,000mi) away to 
escape some of the Earth's 
magnetic effects. 


SOHO = Launch: 1995 

WM eteuete) Eber beleMe(-Jblosjeelsale 
Observatory mission is in 

Were VCokeyaeyim-Daelpeslemaels awl 


Earth. SOHO was “<N 
commissionedtostudy § /» 
id elcmol Obs MmOLULmimet-to- Bice) 
managed to discover more 

than 2,000 comets. 


Cece ccccccecccccereccccrerccceeereceeeereseeoeeeeeeeeeeeceeoeE® 


CASSIOPE - Launch: 2013 
The Cascade Smallsat and 

| Co) aXoysyo) aX=y@ (om xe)t- 0 a op.40) (0) a2) aw cee 
small satellite specifically 
designed to gather data on 
solar storms that affect the 
Earth’s upper atmosphere and 
cause auroras as well as 
magnetic interference. 

SST - Launch: 2003 

The Spitzer Space Telescope 
observatory is unusual as it has 
a heliocentric orbit, slowly 
drifting away from Earth. 
In its extensive studies of ’-4 re 
stars, the SST has P \\ 
discovered space - ) 
sTV(erstm as mee me) cennsemenniccbats 

(very small stars). 
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Rectonte telescopes explained 


ome objects in space are viewable with the 

naked eye. Other anomalies such as 

quasars (the most powerful energy source 
in the universe —a type of star galaxy) and 
pulsars (spherical neutron stars) require a radio 
telescope. These telescopes receive and amplify 
frequencies from deep space using antennas, 
and measures their intensity. 

“By studying the intensity of radio 
frequencies, astronomers can monitor the 
conditions of space,” says Dr Seth Shostak, a 
senior astronomer at the SETI Institute. “Radio 


NPANSYANSH To) Ke Five) elepeyey ete 
Valley Radio Telescope 
COVANVA CGN Bish oysbame)un olen D-r-y 0 
Space Network tuning in 
to the cosmos 
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waves are not hindered by gas and dust between 
stars, so you can ‘look’ straight througha galaxy 
to the other side. Quasars were found because of 
radio telescopes.” 

According to Dr Shostak, a radio telescope uses 
avery low-noise amplifier that collects radio 
waves, themselves collected using massive 
antennas. The signal passes through the 
antenna, spreads through a filtering system, and 
breaks into thousands of frequency channels-a 
bit like a Doppler satellite that measures the 
speed of frequencies. 





2. Antenna 
An antenna filters 
waves from the tip 








1. Incoming 
An antenna collects 
incoming radio waves 


3. Receiver 
The receiver amplifies and 
detects radio wave data 


Astronomers use Spitzer's orbit 
and parallaxing to determine 
idalexedtsiecbal@eneyaetcbac@o)t-nelclks 
velome)tcval@ete) (ace 








itz S 
1. Solar panels 
The Spitzer’s two solar 
panels convert solar 


radiation into 427 watts 


The last of NASA‘s four great of electrical eneray, 


which powers 


observatories, the Spitzer Space the telescope 
Telescope was launched in 2003 











3. Cryogenic telescope 2. Solar shield 
assemb y The solar shield is 
Inside the assembly are the telescope angled away from the 
and three main instruments. It also rest of the craft and 
contains a tank of liquid helium reflects sunlight to 


minimise heat transfer 
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T's 


bjects in space radiate 
heat in the form of 
infrared energy, but 
ground-based telescopes cannot 
detect it due to the Earth’s 
atmosphere. Because the Spitzer 
Space Telescope orbits around 
the Sun, it can record this energy 
in the form ofimages. The 
telescope uses three highly 
sensitive instruments - a camera, 
aspectrograph and a photometer 
—that operate on different 
wavelengths and detect pixels to 
form pictures. 

Infrared telescopes have to be 
kept very cold (-268°C) in order to 
function properly. The Spitzer 
was launched witha liquid 


helium supply to keep its 7. Star trackers 
instrumentscoldforaminimum and gyroscopes 
j The star trackers and 

of 2.5 ate te far fase . siecle 6. Antennae 

away trom the Earth so thatit mounted on the bus The high gain antenna is the 

does not pick up infrared and allow the Spitzer main communication antenna 

energy from our planet, and was to orientate itself with Earth, with the low gain 

fitted with a solar shield to properly in space as a backup 

protect it from the Sun’s heat. 

The liquid helium supply was 4. Outer shell : S. Spacecraft bus 
The aluminium outer shell is The bus contains avionics and 

used up 0n.15 May 2009, but the black on one side to radiate other instruments that control 

camera can still detect some heat and shiny on the other the telescope, store data and 


infrared wavelengths. side to reflect the Sun’s heat communicate with NASA 
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